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ABSTRACT 
The central purpose of this research was to develop a descriptive model for GLO 
vegetation types in Hamilton County, Iowa. Ten data variables were statistically compared 
with GLO vegetation type: (1) Landscape position from soils; (2) Native vegetation from 
soils; (3) Historic vegetation from Andreas Atlas; ( 4) Slope aspect from Digital Elevation 
Model (DEM); (5) Slope steepness from Digital Elevation Model (DEM); (6) Wetlands from 
the National Wetlands Inventory (NWI); (7) Land use from USGS GIRAS; (8) Land cover 
from GAP analysis; (9) Adjacency of vegetation types; and (10) Witnessed tree species 
composition. 
This study attempted to clarify the misconceptions in describing historic vegetation as 
well as to raise the level of awareness among public on the dramatic changes that occur in 
vegetation over time. This research used the general method developed by Miller (1995) to 
describe the historic vegetation patterns in Hamilton County, Iowa. There were 4 research 
questions: (1) Have human activities had an impact on General Land Office (GLO) 
vegetation pattern?; (2) Are the descriptions of GLO vegetation types for Hamilton County 
different from those for Fayette County developed by Miller (1995)?; (3) Are the amounts 
and distribution of historic vegetation types derived from soil survey maps significantly 
different from those derived from GLO maps?; and (4) Are these descriptions of GLO 
vegetation types useful for land management by the Hamilton County Conservation 
Department? 
The overall findings indicated that humans did have an influence on GLO vegetation 
patterns and also one of the factors that explained the differences in vegetation descriptions 
IX 
for Hamilton County and those for Fayette County developed by Miller (1995). The 
differences in descriptions may also due to the following (1) Data sources; (2) Landform and 
ecological regions; (3) GLO surveyors; and ( 4) Year the county was surveyed. This research 
also found that GLO vegetation and native vegetation derived from soils were different in 
distribution patterns. Data from this research will be valuable for the Hamilton County 
Conservation Department for long-range master planning and environmental education. 
x 
PREFACE 
I came to Iowa and to the United States in 1995 to pursue my first degree in 
Landscape Architecture at Iowa State University. From the beginning I was always interested 
in learning computer applications. Beside taking landscape architecture classes, I also took 
computer applications classes offered by the university hoping to gain computer knowledge 
as well as to sharpen my design ability . 
I graduated in May 1997 and worked for Hamilton County Conservation Department 
as a part time landscape architect. My task was to help them to prepare an improvement plan 
for their parks (Briggs Wood Park, Bells Mills Park, Little Wall Lake Park and Briggs 
Woods Golf Course). Each of the parks has it own unique character and historical values. As 
the time went by, I became familiar with all the parks and natural areas owned by Hamilton 
County Conservation Department and other conservation agencies in Hamilton County. As I 
worked and interacted closely with the park and natural areas in Hamilton County, I 
developed an interest to study them in more detail. 
Fall 1997, I started a master program in landscape architecture at Iowa State 
University. I talked to several professors in landscape architecture department about my 
research interest in studying natural resources management using Geographic Information 
Systems (GIS). My goal was to study natural resources management as well as GIS 
applications. Since I had an interest in studying the parks and natural areas that I worked 
with, I decided to focus my research on their past vegetation and used Hamilton County as a 
pilot county for my research. 
CHAPTER 1. INTRODUCTION 
Introduction 
In the 15th and 16th centuries maps became widely used to show the locations of 
places, administrative districts, rivers, mountains and other cultural and natural features . 
During that time, little information on vegetation was drawn because "information on 
vegetation is incidental" (Kuchler, 1967, p. 4). Furthermore, according to Kuchler: 
Vegetation maps were not invented by one man at one time like the steam 
engine or the electric bulb. The evolution of vegetation maps is characterized 
by very slow tempo matched by an equally slow acceleration during most of 
its long history, a regionally spotty development and finally, a much-increased 
acceleration and spread especially after the first quarter of the twentieth 
century. The highly sophisticated vegetation maps of the mid-twentieth 
century evolved from beginnings that are far removed in time and in 
character. (p. 1) 
The rapid growth of ecological thought in early 19th century resulted in increased 
vegetation map production in the United States (Kuchler, p. 10). At that time, the Forest Service 
was the only organization involved in publishing vegetation maps. Later, other federal and state 
agencies recognized the importance of mapping the vegetation coverage within their areas of 
jurisdiction (Kuchler, 1967, p. 11 ). The General Land Office (later changed to the Bureau of 
Land Management) was one of the agencies responsible for surveying land and vegetation in the 
United States (White, 1926, p. 18). Those maps have been valuable to scientists, researchers, 
and land managers for studying and searching a better understanding of past vegetation. 
In Iowa, several researchers studied historic vegetation recorded by the GLO (General 
Land Office) surveyors. In his research on Pre-settlement forest types in Iowa, Dick-Peddie 
(1955) used the original GLO surveyors ' field notes to reconstruct the primeval forest cover in 
Iowa. Peddie suggested, "When making a study of the vegetation of an area, it is desirable to 
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know as much as possible of the vegetative history of that area" (p. 1 ). Another similar study 
for ecological purposes using GLO maps was conducted by Sears in 1921 . Sears was 
convinced that "the most accurate picture of plants distribution before the settlement of the 
country can be obtained from the study of survey records" (cited in Dick-Peddie 1995, p. 3). 
In 1939, the original forest cover oflowa (Figure 1-1) was prepared by the Committee 
on Forest and Waste Land oflowa State Planning Board based on data obtained from original 
land survey (Getty, 1951 , p. 7). Thomson, 1995,on the other hand, had a different opinion. 
Thompson noted that the maps generated from GLO maps and notes did not accurately 
represent the amount of timber coverage in Iowa before the settlement (cited in Miller, 1995, 
p. 1). 
Purpose of the Study 
Two different opinions have resulted from using GLO maps and notes in describing 
the pre-settlement vegetation in Iowa. Further research is needed to clarify the 
misconceptions. According to GLO surveyors' field notes, at the time of Euro-American, 
Iowa was composed of 85% prairie and 15% forest vegetation (Conservation Commission, 
1973, p.12). "Neither the Prairie nor the forest remains today in any appreciable amount" 
(Dick-Peddie, 1955, p. 1 ). 
The current research attempts to clarify the misconceptions in describing historic 
vegetation as well as to raise the level of awareness among public on how "the nature of the 
state has experienced a considerable change in a relatively short period of time" (Conservation 
Commission, 1973, p. 12). According to the Conservation Commission, less than half of the 
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Figure 1-1 . Original forest cover of Iowa prepared by the Committee on 
Forest and Waste Land of the Iowa State Planning Board in 1939 
(Getty, 1951, p. 7) 
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original 15% forest recorded during the early pre-settlement period and less than 1 % of the 
prairie remains today. 
Miller (1995) developed a descriptive model of historic vegetation in Fayette County 
using GLO maps and field notes. Nevertheless, it is limited to" ... describing only Fayette and 
County and GLO vegetation types. Applying these descriptions to vegetation types in other 
counties would be inappropriate" (p. 110). Miller recommended that similar studies should 
be done to other counties to find similarities and differences between them (p. 119). 
Objectives of the Study 
This study used the general method developed by Miller (1995) to describe the 
historic vegetation patterns in Hamilton County, Iowa. This research had three major 
objectives: 
I. Develop a description of each GLO vegetation type in Hamilton County using 
Geographic Information System (GIS) descriptive modeling techniques. 
2. Compare vegetation descriptions for Hamilton County with those for Fayette County 
developed by Miller (1995). 
3. Describe potential uses of GIS data and (Arc View) software for vegetation resource 
management in Hamilton County. 
The first objective was to develop a descriptive model for each GLO vegetation type 
in Hamilton County. Many factors influenced the distribution patterns of historic vegetation 
in Iowa. Human settlement was one of the biggest influences on vegetation. As Williams 
(1989) noted, "Man was the great agent of change, and as his settlement spread across the 
country, the fusion of industry and natural processes produced sought-after 'made ' 
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landscape" (p. 13 ). Analyzing Hamilton County's history and describing the factors that 
might have influenced historic vegetation patterns would lead to a better understanding of the 
landscapes past history and future potential. 
The second objective was to compare GLO vegetation descriptions for Hamilton 
County with those for Fayette County. Using the methods and procedures developed by 
Miller (1995) for Fayette County, the results and findings for Hamilton County are then 
compared to study the similarities and differences among them. The results of this study not 
only describe the historic vegetation types in Hamilton County, but also clarify the 
differences between descriptions of Hamilton County GLO vegetation type with those for 
Fayette County. 
The third objective was to describe the potential uses of GIS (Geographic Information 
System) data and software (particularly Arc View) in managing vegetation resources in 
Hamilton County. GIS can be a powerful spatial analysis tool. As indicated by Rhind (1997), 
GIS is: 
A system of hardware, software, and procedure designed to support the 
capture, management, manipulation, analysis, modeling, and display of 
spatially referenced data for solving complex planning and management 
problem. (p. 51) 
Since the 1980s, the use of computer-assisted GIS has become common in many agencies, 
such as the DNR (Department of Natural Resources), DOT (Department Transportation), 
Census Bureau, city planning offices, and other public agencies. By studying GIS functions 
and techniques, this research explored the potential and delimitation of GIS in analyzing and 
managing vegetation resources. 
6 
Research Questions 
Four research questions were developed to guide the study: 
1. Have human activities had an impact on General Land Office (GLO) vegetation 
pattern? 
2. Are the descriptions of GLO vegetation types for Hamilton County different from 
those for Fayette County developed by Miller (1995)? 
3. Are the amounts and distribution of historic vegetation types derived from Soil 
Survey maps are significantly different from those derived from GLO maps? 
4. Are these descriptions of GLO vegetation types useful for land management by the 
Hamilton County Conservation Department? 
Rationale for the Study 
From the early Euro-American settlement in the late 19th century until the late 101h 
century, land and vegetation resources have experienced several changes. Some of the areas 
that used to be prairie have now been changed to agriculture. Some of the areas that were 
timber had long ago been replaced with hard surface road and residential areas. An analysis of 
the historic vegetation shows how much change has taken place. This provides additional 
information for Hamilton County Conservation Department in managing its natural areas. The 
comparison between Hamilton County and Fayette County describes the historic vegetation 
pattern more effectively and can be used to indicate whether the descriptions established could 
be applied to other counties in Iowa. From educational and field research points of view, the 
study illustrates additional methods and procedures in measuring historic vegetation patterns. 
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It also illustrates measures of land use changes over time, habitat, and preservation and 
conservation of natural areas . 
Definition of Terms 
In an attempt to develop descriptive models of each GLO vegetation type, several 
terms used in this research are defined : 
Andreas Atlas. Maps created by Alfred T. Andreas upon returning to Chicago after the Civil 
War. Each purchaser would get his name on a township map and in patrons ' directory. 
Andreas ' atlas included additional features such as portraits, biographies, illustrations of 
farms and businesses (Park Genealogical Book, 1997, p. 2). Andreas hired "an army: 
canvassers to sell subscriptions, surveyors to create plat maps, writers to produce the written 
material (biographies were sold by words), and artists to draw the illustrations and portraits 
that would appear" (Park Genealogical Book, 1997, p. 2). 
DEM Acronym referring to the Digital Elevation Model. The USGS Digital Data Elevation 
Model can be used as raster GIS data, to represent cartographic information. DEM consist of 
a sampled array of elevation for a number of ground positions at regularly spaced intervals 
(USGS Geo Data, 1998). In other words, "digital model of landform data [are] represented as 
point elevation values" (DeMers, 1997, p. 465). DEM data used in this project were at a scale 
of 1 :24,000. Each 7.5- minute DEM represents 30-by 30-meter data spacing with the 
Universal Transverse Mercator (UTM) projection (USGS Geo Data, 1998). 
GAP. Acronym for Gap Analysis Program. An analysis program administrated by the 
Biological Resource Division of the U.S. Geographical Survey (USGS) in the Department of 
the Interior (DOI). "Gap Analysis refers to the spatial and temporal process by which 'gaps ' 
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in the representation of biological diversity are mapped, inventoried, and analyzed" (GAP, 
1999). 
GLO. Acronym for the General Land Office. The General Land Office later became known 
as the Bureau of Land Management. The General Land Office established thirty-four sets of 
survey meridians and base lines, which were the starting points for surveying townships and 
sections. It was also responsible for managing all the data and documents collected by the 
surveyors. 
HCCB. Acronym for the Hamilton County Conservation Board, one of the public land 
management agencies responsible for managing park and natural areas in Hamilton County, 
Iowa. 
Iowa Department of Natural Resources (DNR) . "The DNR was the original sponsor of data 
digitizing project carried out by Iowa State University to digitize GLO vegetation boundaries 
for the entire state oflowa" (Miller, 1995, p. 6) . 
Metadata. Additional information about data, or "an overall description of the contents of a 
data" (DeMers, 1997, p. 470). According to Strauss (1998), metadata includes the following: 
(1) contents of data; (2) quality of data; (3) condition of data; and ( 4) characteristics of data. 
"To effectively used and share the databases, additional information or metadata is needed to 
define and describe databases and their contents" (Cammarata et al. , 1995, p. 1 ). 
Natural areas. Physical and biological areas that are not yet developed or that have 
reestablished their natural character, such as prairie, wetland, woodland, marsh and savanna. 
Natural areas provide habitat for rare or endangered animal and plant species or other natural 
features of scientific or educational value. 
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Pre-Settlement vegetation. Refers to historic vegetation, from the maps and notes created 
and documented by the GLO surveyors. 
Vegetation. Refers to types of vegetation recorded by the GLO surveyors during their 
surveys. Examples include timber, prairie, lake, marsh, swamp, pond, timber/ scattering/ 
opening, slue, and field. 
USP LS Acronym for the United States Public Land Survey. The formation of the United 
States Public Land Survey (USPLS) was begun in 1785, as a way for the newly liberated 
colonies to generate money by selling land to the public. It was created to survey and 
establish boundaries for land ownership (White, 1926, p. 9). The USPLS also was 
responsible for creating the checkerboard pattern of section lines and roads, which remain 
stands out on maps of much of the United States today. 
Witness Tree. Referring to vegetation used by GLO surveyors to base land ownership maps; 
"These trees were left as witnesses for metes and bounds survey method" (DeMers, 1997, p. 
477). 
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CHAPTER 2: LITERATURE REVIEW 
The literature review provides a background for the current study. First, a 
comprehensive description of Hamilton County, Iowa, is presented, which includes its 
establishment, early vegetation, soil, and physical characteristics. Next, a general history of 
the USPLS (United States Public Land Survey) and GLO (General Land Office) is provided. 
It includes a detailed description of Iowa and its territory, and describes the use of the manual 
of instructions for survey of the USPLS and GLO modeling. The final portion of the 
literature review provides information about the Geographic Information System (GIS) 
descriptive modeling technique which was used to carry out this research. The history of 
GIS is given and its components, metadata, Arc View software, integration of data, and the 
development of data models are discussed. 
Establishment of Hamilton County 
Hamilton County, located north-central part oflowa, was established in December 
21, 1856 (Vexler & Swindler, 1978, p. 11) and was originally part of Webster County. At 
that time, Webster County was divided into two parts. The western part was named Yell 
County and the eastern part was named Raisley County. Raisley was later renamed Hamilton 
County (Figure 2-1and2-2), and Yell was renamed Webster (Nass, 1976, p. 10). Hamilton 
County was named after William W. Hamilton, the president of the Iowa senate and also a 
judge. The county seat for Hamilton County during that time was New Castle, and it was 
renamed Webster City. 
Hamilton County was then divided into four townships (Figure 2-3). The north half of 
the county was called Boone Township and on east of the south part was called Clear Lake 
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Figure 2-1. Hamilton County, 1853 map (Nass, 1976, p. 11) 
\l\£BSTER Ca.NTY 
N 
0 4 8 12 16 Mies 
---- A 
Figure 2-2. Hamilton County, 1863 map (Nass, 1976, p. 13) 
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Figure 2-3. Hamilton County Townships, in 1860s 
Township. The west end of the south part was divided into two portions, north was called 
Webster and south was called Hardin Township. 
In 1860, Hamilton County experienced rapid population increased from 122 in 1852 
to 1698 in 1860 (Iowa Radio Station KQWC and Hamilton County Historical Society, 1986, 
p. vii). This resulted in the four townships that were established earlier being again 
subdivided (Figure 2-4). The north part, earlier called Boone Township, was divided into two 
parts, north and south. The north was called Cass Township and south remained as Boone 
Township. Webster Township also was divided into two parts, east and west. The east 
retained the name Webster Township and the west was called Hamilton Township. The old 
Clear Lake Township was also divided into two parts north and south. The north part retained 
its name as Clear Lake Township but the south portion was renamed Norway Township, to 
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Figure 2-4. Hamilton County Township, in 1860s 
honor the large population of Norwegian settlers. The old Hardin Township was not divided 
as the others but it was only renamed to Marion Township 
(http://www.netins.net/showcase/marjned/hamco I .html. May 4, 1998). 
From the 1,698 population in 1860, it continued to grow rapidly and by 1880 the 
population in Hamilton County had reached 11,252. Again, due to the tremendous population 
increase, it was then decided to reorganize the county. Hamilton County was then changed 
from seven townships to 16 townships of equal size that remain today (Figure 2-5). The north 
tier of township consists of Freemont, Cass, Blairsburg, and Williams. The second tier, from 
west to east, consists of Freedom, Independence, Liberty, and Rose Grove. The third tier 
consists of Webster, Hamilton, Lyon, and Lincoln. The bottom tier consists of Marion, Clear 
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Figure 2-5. Hamilton County Township, late 1880s 
Lake, Ellsworth, and Scott. These 16 townships have a total area of 369,563 acres or 577.4 
square miles. 
Early vegetation 
According to Aikman and Hayden (1938), the native vegetation of Iowa was 
predominantly prairie before the coming of the white man. Forests were present only on the 
broken lands bordering the Mississippi and Missouri rivers and their tributaries. 
The public land survey of Hamilton County was completed in 1852 (Anderson, 1996) 
before the county was created. At that time, Hamilton County had only 122 in population and 
most of its area was uninhabited. According to Nass (1976), early settlement in Hamilton 
County can be grouped into three categories. The first groups were called "Pioneer 
settlements." The pioneer settlers at time concentrated along the rivers where game, water 
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and timber could be accessed easily. Although the pioneer settlers generally located along the 
rivers, the second groups were found along the traveled paths and the stagecoach lines. The 
third group of settlers were associated closely with railroad development. 
During the land survey, human intervention had not yet effected large-scale 
agricultural activities. According to the GLO surveyor maps and notes for the state of Iowa, a 
total of 7 ,200,000 acres or less than 20% oflowa was covered with timber (Iowa State 
Planning Board, 1935). Along with monuments and other land features, deputy surveyors 
described existing vegetation in their field books. 
In thel 9th century, the vegetation pattern in Hamilton County was not only recorded 
by General Land Office surveyors but also by A. T. Andreas and his team. The Andreas 
Atlas for the state of Iowa was published in 1875, and at that time it was the most 
monumental in Iowa History (Andreas 1875, p. vi). Both GLO surveyors' field notes and 
maps, and the Andreas Atlas provide valuable information on vegetation that existed during 
the presettlement period in the 19th century. The data sources are available for Hamilton 
County as well as for the entire state of Iowa. Even though GLO maps were completed in 
1852 and Andreas Atlas was published in 1875, they both show quite similar vegetation 
distribution patterns. According to Miller (1995) who used Coefficient of Areal 
Correspondence (CAC) formula to measure the amount of similarity between GLO maps and 
Andreas Atlas in Fayette County, Iowa. Miller (1995, p. 75) calculated a CAC of 0.6, 
meaning that more than 60% of the timber patterns were similar. 
According to General Land Office field notes and maps, there were nine types of 
vegetation mapped in Hamilton County during the GLO survey: (1) Field; (2) Lake; (3) 
Marsh; (4) Prairie; (5) Pond; (6) Swamp; (7) Slue; (8) Timber/Scattering/Opening; and 
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(9) Timber. Based on observations made about these vegetation types during the GIS 
digitizing process for GLO vegetation in the 99 counties in Iowa, the following 
characteristics for each vegetation type were listed in Anderson' s report (1996, p. 50-5 3 ): 
I. Field - Agricultural fields developed by settlers (often labeled 
"Improvement") 
2. Lake - Surveyors generally used lakes to label larger water bodies of 
ponded water. Surveyors were instructed to describe their banks, stating 
the height of the banks and the depth of the water. 
3. Marsh - Surveyors often categorized marsh as "cultivable" or 
"uncultivable" based on ease of draining. Generally, marshes were 
mapped by GLO surveyors in north central Iowa, scattered among the dry 
pram es. 
4. Prairie - Miller' s descriptive modeling for Fayette County described 
prairies as relatively large, flat upland areas with large, but few witness 
trees, predominantly bur oak. 
5. Pond -Based on Anderson' s visual observations of township plat maps, 
surveyors generally labeled smaller water bodies as ponds. 
6. Swamp- Often associated with slough and marsh. To some surveyors, 
swamp may have been a generic term for a wet area. 
7. Slue (slough) - mapped by surveyors as long, narrow bodies of flowing or 
standing water, frequently associated with streams. 
8. Timber/Scattering/Opening - Generally used by surveyors to describe a 
transition between or mosaic of prairie and timber that included both grass 
and trees . 
9. Timber - According to Miller ' s description, timber included relatively 
steep, large areas of large trees on transitional bottomland to upland areas 
with forest-derived soils and moderately dense witness trees. 
Another writer described the early vegetation in Hamilton County as : 
Coming out upon the prairie west of the timber, we saw a sight never be 
forgotten - a land covered with a luxuriant growth of grass, known as the 
blue stem. It grew as tall as a man could reach. (Iowa Radio Station KQWC 
and Hamilton County Historical Society, 1986, p. 51 ). 
According to Van Dyke (1972, p. 1 ), Macbride in 1909 described the vegetation of Little 
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Wall Lake Hamilton County: 
Little Wall Lake is a picturesque little pond nearly surrounded by steep wall-
like hills . Had it depth, Little Wall Lake would be the attraction of landscape, 
but its shallowness makes it simply a great marsh filled from side to side with 
aquatic plants. The margins are dark with sedges. In the middle the cat-tail 
lifts its blades undisturbed, while over the deeper waters the pond lilies 
spread their broad leaves like inverted shields and star the surface with 
flowers . Innumerable birds fill the air with strident, unmusical sounds, ducks 
steer their miniature fleets about: mudhens wade about the calamus roots: 
black birds cry as if life depended upon ceaseless noise: the tern hovers 
above the more open waters or sits upon the sand as if by the sea: the bittern 
sits among the reeds, bill straight up, more like an inverted stake than any 
"stake driver". And over all , in the evening, clouds of insects-mosquitoes 
make gray the air on every side. In the early morning the mists from the 
waters screen from the traveler the beautiful grain covered hill that slope 
down on every side and the lake lies in primitive wilderness, an isolated 
reminder of the weird marshy topography that so recently characterized not 
these counties only, but all northwestern Iowa, the land of a thousand lakes. 
Another writer described the vegetation of Blairsburg, Hamilton County, as " This region 
was densely overgrown with trees so that in the dark travel was very difficult" (Nass, 1976, 
p. 97). 
Due to an increase in population and the need for food and shelter, by early 1900 
people began to use additional areas in Hamilton County. They grew weary of their swamps, 
ponds and lakes. The swamps were drained out with massive effort to provide fertile farm 
lands. The largest lake in the county was Cairo Lake, which covered 1,385 acres ofland. Part 
of the lake (501 acres) was located in Hamilton Township and another 875 acres was in Lyon 
Township. The lake was drained in the early 1890s and was completely gone by 1896. Three 
other large lakes in Hamilton County were also drained and converted to farmland (Iowa 
Radio Station KQWC and Hamilton County Historical Society, 1986, p. 45). Those lakes 
were drained after GLO surveyors and Andreas completed their maps. Some of the marsh, 
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swamp, lake and pond areas shown on GLO surveyor maps did not appear on the Andreas 
Atlas map. This was an indication that they were drained prior to 1875. 
In the period of massive conversion of suitable land for agricultural use, Hamilton 
County created three county parks that serve as public recreational and wildlife areas: Briggs 
Wood Park, Mann-Bell Park, and Synder ' s Woods. Briggs Wood Park was given to the 
county by Thirza Briggs Aldrich in April 1919. It consisted of 60 acres of woodland located 
about 5 miles south of Webster City. The 60-acre woodland area was donated to be preserved 
as a "game refuge". The second park, known as Mann-Bell Park, was donated by Sarah Jane 
Bell in June 1926. It is located about 12 miles southwest of Webster City. The park later 
became known as Bells Mills Park. The third park donated to the county was Synder' s 
Woods. It is located on the site of Rose Grove, a stagecoach town which existed before the 
1870s. The property was given to the county by Mr. and Mrs. Frank G. Synder in 1930. It is 
located in Section 25, Liberty Township, and a portion of the property donated was a farm 
(Iowa Radio Station KQWC and Hamilton County Historical Society, 1986, p. x). 
Soils and physical characteristics 
The first USDA soil survey in Hamilton County was completed in 1920. It was later 
updated and completed in the period of 1977-83. The survey was done cooperatively by the 
Soil Conservation Service; the Iowa Agricultural and Home Economics Experiment Station; 
the Cooperative Extension Service, Iowa State University; the Iowa Department of Soil 
Conservation; and with the assistance of Hamilton County Soil Conservation District. The 
soil survey is used for purposes ranging from agricultural land use planning to wildlife and 
environmental management. The soil survey was made to provide information and 
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descriptions of the soils in the surveyed area (Soil Conservation Service, 1986). The 
information in the report includes the following: (a) Description of the soils; (b) Location of 
the soils; (c) Soil suitability; (d) Limitations for use; and (e) Management of the soils. 
According to soil scientists, each type of soil surveyed is associated with a particular 
type of landform, geology, relief, climate and natural vegetation. In studying the soil 
descriptions and information, soil scientists take several factors into consideration, including 
the following (Soil Conservation Service, 1986): (a) Slope aspect; (b) Drainage pattern; 
( c) Type of crops and native plants; and ( d) Bedrock type. 
Hamilton County landforms are nearly level to gently rolling on glacial drift plain. In 
areas near the Boone River, the landforms are varied from rolling to very steep. The 
difference in elevation between lowlands and uplands generally is between 50 to 100 feet. 
The highest elevation is about 1,262 feet above sea level, located north of Blairsburg. The 
lowest elevation is 930 feet above sea level, in the area where Boone River crosses the 
western county boundary into Webster County and joins the Des Moines River. Hamilton 
County is in the upper Mississippi River drainage basin and its rivers and streams generally 
flow in a southerly direction (Soil Conservation Service, 1986). 
In studying historic vegetation, soil character and type are among the most important 
aspects to be investigated to understand the influence of soil characteristics on the spatial 
distribution of historic vegetation (Curtis, 1959, p. 124). Vegetation influences soil 
morphology and is one of the forming factors (Soils Conservation Service, 1986, 
p. 78). The type of vegetation (such as wetland, woodland, and grassland) present during soil 
formation is indicated by soils characteristics. These may include color, organic matter 
content, particle size distribution, pH, horizon thickness, and other characteristics 
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(Galatowitsch and Van der Valk, 1994, p. 15). Many of these characteristics persist, leaving a 
record of historic vegetation long after the vegetation has changed. For example, former 
grasslands may be detected long after other soil characteristics have adjusted to non-
grassland vegetation (Vale, 1982, p. 62). 
In Iowa, soil characteristics indicating vegetation history developed primarily since 
the last major erosion cycle approximately 3,000 years ago (Bettis and Benn, 1984 p. 222; 
Eilers and Roosa, 1994, p. 4). The !SPAID Manual (Iowa State University, 1997, p. 17) and 
ISP AID interpretations (ISPAID40.DBF) used in this research project list three types of 
historic vegetation: prairie (P), forest (F), and transition (T). Interpretations of additional 
vegetation types (for example, wetlands) are included in the Hamilton County Soil Survey 
(Soil Conservation Service, 1986). 
Generally, Hamilton County is divided into five soil associations (Soil Conservation 
Service, 1986): 
1. Browntown-Ottosen-Bode - this association normally consists of soils on 
broad upland flats, slopes range from 0 to 9 percent, scattered potholes, 
and the natural drainage pattern is poorly defined (poorly drained, 
somewhat poorly drained, and well drained). Cash grain farming is 
suitable for this soil association as are marshes. Marshes remaining in this 
area are used for wildlife habitat. This soil association occupies about 32 
percent of the county. 
2. Clarion-Canisteo-Storden - consists of soils on flat areas (slopes range 
from 
0to18 percent), scattered potholes in nearly flat areas and well drained. 
This soil association occupies 18 percent of Hamilton County. 
3. Canisteo-Clarion-Nicollet - found in the nearly level or flat upland 
landforms 
to moderately sloped areas and in swales. Much of this association was 
marsh and intermittent ponds. It occupies 31 percent of the county. 
4. Canisteo-Nicollet-Webster - Canisteo and Webster soils are poorly 
drained, but Nicollet soils are somewhat poorly drained. This association 
is found in upland areas with a slope range from 0 to 3 percent. This area 
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also has high organic matter and a high water table. This association 
occupies 12 percent of the county area. 
5. Hayden-Storden-Hanlon - This association consists of gently sloping to 
very steep soils on ridgetops and side slopes (slopes range from 0 to 50 
percent). This area is also well drained and droughty. Many of steeper 
slopes in this association are wooded. This association occupies about 7 
percent of the county. 
Soil formation begins when plants are established. As the plants grow and die, they 
add organic matter to the upper layers of the soils. All living organisms also affect soil 
formation, but vegetation plays an important role in determining the color of the surface 
layer. Organic matter affects the kind of habitat and amount of vegetation in a certain area. 
Most of the soils in Hamilton County were formed under prairie grass or a mixture of prairie 
grasses and water tolerant plants. Clarion and Nicollet are typical of soil that formed under 
prairie grasses, and Webster and Canisteo of soils formed under prairie grasses and water 
tolerant plants (Soil Conservation Service, 1986). 
Human activities also have great impact on soils; important changes take place in the 
soil after it is drained and cultivated. Changes caused by erosion generally are the most 
significant. Erosion, however, does not greatly affect soils in Hamilton County because low 
relief is common in the county (Soil Conservation Service, 1986). Other major soil 
influences on vegetation are drainage, slope steepness and aspect, and landscape position. 
General History of USPLS and GLO 
Following the Louisiana Purchase and the exploration of the western United States 
"Frontier," the federal government decided to sell as much of the land as possible to the 
public. To make this possible with a generally uncharted and very diverse two and a quarter 
million square miles, they decided to divide up the west into one-mile squares. The General 
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Land Office (later known as the Bureau of Land Management) started surveying west from 
Ohio (White, 1926, p. 18). 
1112 feet south of this spot was the point of beginning for surveying the 
public lands of the United States there on September 30, 1785, Thomas 
Hutchins, first geographer of the United States, began the geographic line of 
the seven ranges. (White, 1926, p. ii) 
Thirteen surveyors were appointed to assist Hutchins, but only seven showed up, all 
with varying experience and ability. There is no written record of instructions to the 
surveyors from Thomas Hutchins. Each surveyor received only oral instructions from 
Hutchins. During the survey process only "the lot and township corners around exterior 
boundaries were monumented. The corners were marked either using wood posts or a corner 
tree witnessed by two bearing trees" (White, 1926, p. 19). In addition to the ordinary notes 
taken on the spot, the deputy surveyors noted at the conclusion of their books, stating the 
following: 
Further description of information touching any matter or thing connected 
with the township (or other) survey which he may be able to afford, and may 
deem useful or necessary to be known - with a general description of the 
township in the aggregate, as respects the face of the country, its soil and 
geological features, timber, minerals water, settlement, etc. (White, 1926, p. 
721) 
The deputy surveyors and assistants were required to sign official oaths and attach 
them to their field notes. The final oaths of the deputy surveyors were taken before the U.S 
Surveyor General for the State or Territory in which the survey was conducted. The field 
notes and sketch maps then were delivered to the Surveyor General for examination. After 
written approval of the Surveyor General, each book was copied and bound in a volume and 
retained in the Surveyor General's office (White, 1926). 
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The General Land Office established 34 sets of survey meridians and base lines, 
which were the starting points for each region of townships. Thirty-one pairs are in western 
and southern contiguous United States, and three pairs are in Alaska. Iowa was surveyed with 
one meridian (5th principal meridian) and several baselines. Originally, surveyors named the 
earliest pairs by number and geographic features named the rest. A township in United States 
is typically six miles by six miles. Each township is divided into 36 sections. These sections 
are numbered sequentially from the northeast comer to the southeast comer (White, 1926, p. 
325). Not all oflowa's 1670 townships are exactly square, (Figure 2-6). Due to the curvature 
of the earth, every few rows of townships there is slight "jog" in the meridians to compensate 
(these "jogs" are called correction lines). Some land in Iowa was already owned and 
surveyed by different methods prior to the GLO rectangular survey. The Mines of Spain in 
Dubuque County are a notable example (White 1926). These land grants were based on 
naturally occurring features such as streams, so they are irregularly shaped islands among the 
squares of the survey. 
, 
' 
h 
Figure 2-6. Townships in Iowa 
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The formation of the United States Public Land Survey (USPLS) was begun as a way 
for the liberated colonies to generate money by selling land to the public. The United States 
Public Land Survey (later known as a cadastal survey) was created to survey and establish 
boundaries for land ownership. Prior to the USPLS, individuals interested in purchasing land 
would apply for a grant in the designated land office where they had to describe the general 
location of the desired land and the number of acres. After the approved warrant was issued, 
the warrant would be presented to the surveyor general. The surveyor general would check 
and make sure the land was not owned. After arrangements were made, the claimant paid for 
the survey. Early survey descriptions were often "vague and tied to trees, rocks, creek 
junctions, or stone mound" (White, 1926, p. 9). The rectangular survey of the USPLS was 
responsible for creating the checkerboard pattern, which stands out on maps of the United 
States today. 
Iowa and its territory 
Congress passed an act to divide the Territory of Wisconsin and to create the 
territorial government oflowa, on June 12, 1838. 
This act provided 'That from and after the third day of July next, all that part 
of the Territory of Wisconsin which lies west of the Mississippi River, and 
west of a line drawn due north from headwaters or sources of Mississippi to 
the territorial line, shall, for the purposes of temporary government, be and 
constitute a separate Territorial government by the name oflowa' (Dodds et 
al. , 1943, p. 7). 
Soon after, the Office of Surveyor of Public Lands was created in the Wisconsin Territory 
and A.G. Ellis of Green Bay was the first surveyor general for the new district. At that time, 
Iowa had a population of 22,859 and none of them had any legal claim to the land. Two 
deputy surveyors, William A. Burt and Harvey Parke were appointed to the assist surveyor 
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general. During the rush period of the surveys, the surveyor general was frequently hard 
pressed to find enough skillful deputies and had to rely on the word and letters of deputies 
and friends for their information about applicants and "sometimes, of course, the new man 
failed to make good" (Dodds et al., 1943, p. 13). In the execution of surveys, the following 
general instructions were given to each deputy surveyor: 
You will provide yourself with a compass of excellent quality and approved 
construction, having a nonious division, and moveable sights; also, with two-
pole chains, of 50 links (of equal length) each. One of said chains must be 
adjusted to the standard in this office, and by it you will compare and adjust 
that which is used, at least once in every two days, and note their difference, if 
any, in your field book; and if there is no difference, state in your field book 
the fact of your having compared and found them agree. You must likewise be 
provided with a full set of tally rods, of iron or steel, or pointed therewith, and 
allow none others to be used but the precise number you shall have selected 
for that purpose. (Dodds et al. , 1943, p. 35) 
It is obvious that the early surveyors were not well equipped; however, they did a 
surprisingly accurate job. Under the Act of Congress approved on May 18, 1796, every 
surveyor should describe in his in field book the exact situation of all mines, salt licks, slat 
springs, mill sites, water courses and the quality of lands. These field books were then 
returned to the Surveyor General, who transmitted them to the officers who superintended the 
land sales. The Surveyor General also made a plat of each township and its fractional parts. 
The plat book then was kept open at the Surveyor General 's office for public information, 
and other copies were sent to the place of sales and to the Secretary of the Treasury in 
Washington, DC. 
Townships in Hamilton County were surveyed from 1846 to 1852 by the deputies and 
surveyors general (Table 2-1 and Figure 2-7). All counties in Iowa,including Hamilton 
County, are divided into squares ofregular size, unless modified by the rivers (White 1887, 
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p. 9). After Hamilton County was divided into 16 square townships, it was then subdivided 
again. Each township is divided into 36 sections and numbered from one to thirty-six (White 
1887, p. 12). 
Table 2-1. Deputy surveyors and surveyors general for townships in Hamilton County 
Survey Deputy Surveyor Surveyor General Date of Contract 
A. Town Lines James Marsh Geo. W. Jones Aug. 1, 1848 
B. Town Lines James Marsh Caleb H. Booth July 9, 1849 
C. Town Lines John Ball Caleb H. Booth July. 16, 1849 
D. Town Lines Isaac Higbee Geo. W. Jones Oct. 6 1846 
1. Subdivisions Lewis A. Thomas 1847 
2. Subdivisions Wm. J. Neely Caleb H. Booth Sept. 24, 1849 
3. Subdivisions James Jackson Caleb H. Booth Sept. 24, 1849 
4. Subdivisions Chas. Gilliam Geo. W. Jones July 5, 185 1 
5. Subdivisions Jos Jennings 1852 
6. Subdivisions Chas. Gilliam 1852 
R26 R25 R24 R23 
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Figure 2-7. Public Land Survey System in Hamilton County- numbers and letters refer to 
table 2-1 (Dodds et al. , 1943, p. 220) 
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Manual of instructions for the survey of the USPLS 
The 1855 manual of instructions was officially known as "The Instructions to 
Surveyor General of the Public Land of the United States for Those Surveying Districts 
Established in and Since the Year 1855 Containing Also, a Manual oflnstructions to 
Regulate the Field Operations of Deputy Surveyor" (McEntyre, 1978, p.94). It was prepared 
by the Commissioner of the General Land Office to help deputy surveyors carry out their 
duties. The manual of instructions described responsibility to carry out the survey work, 
operations in the field, contracts, and possible obstacles that surveyors might encounter 
during their work. One example of the instructions was on "bearing trees": 
Where a tree not less than two and a half inches in diameter can be found for a 
bearing tree within 300 links of the comer, it should be preferred to trench or 
pit. The quadrangle trench required as a substitute, where the requisite number 
of "bearing trees" is not found, is dispensed with, and a pit two feet square 
and not less than twelve inches deep is required in lieu thereof. (White. 1926, 
p. 505). 
The manual was changed in 1831 , 1834, 1843, 1846, 1850, 1851 , 1871 , 1881 and 
1885. (Anderson, 1996; White, 1926). Basically, they were very similar except that the 
revised 1881 manual required that only navigable rivers be meandered (McEntyre, 178, 
p. 117). Again in 1891 and 1894, the manual was updated based on obstacles and experiences 
that surveyors encountered during their survey work. During the last half of the l 91h century, 
five manuals of instructions for the public lands were published. When changes were made, 
specifications concerning accuracy became more specific and explicit, for instance: 
The manual of 1885 prescribed, in most instances, an instrument operating 
independently of the magnetic needle for important lines ... The manual of 
1894 required an instrument operating independently of the magnetic needle 
for all lines, including section lines and meander lines. (McEntyre, 1978, 
p. 140). 
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However, in spite of many revisions to increase accuracy and coverage, there are still 
concerns about the quality of data produced and transferred. Several concerns are discussed 
in Miller's thesis research (Miller, 1995, p. 34) and Anderson' s project report (1996, p. 5): 
1. Quality and consistency of the field observations by GLO surveyors 
2. Quality and consistency in recording field observations in the notes by 
GLO surveyors 
3. Quality and consistency in translating the notes into maps by GLO 
surveyors and drafters 
4. Quality and consistency in typing the GLO field notes by WP A typists 
The quality of the data, for the most part depended upon the honesty and care of the 
surveyors. There were a few cases of fraud within the system, but most surveyors were 
honest. The system required deputy surveyors to swear an oath, taking responsibility for the 
accuracy of their work. They also were required to post surety bond to assure the correctness 
of their survey work (Miller, 1995 p. 14). 
GLO descriptive modeling 
Several studies have been done related to historic vegetation in the midwestern states. 
Miller (1995) analyzed the historic vegetation patterns in northeast Iowa using GLO 
(Government Land Office) Survey. A year after that, Anderson (1996) completed digitizing 
vegetation from General Land Office townships plat maps, dated 1832 to 1859 for all 99 
counties in Iowa. 
Miller' s ( 1995) research focused in detail on descriptions of each GLO vegetation 
type in Fayette and Jackson County, Iowa. In doing so, Miller described metadata for the 
GLO maps and notes. Miller used three distinct sources of information: 
1. Copies of the original field notes and topographies (from field books). 
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2. Copies of the typescripts of surveyor's notes by Work Progress 
Administration (WP A). 
3. Copies of the official plat maps created by the Surveyor General's office in 
Dubuque. 
Results of his investigation, showed that "surveyors had little knowledge of the interior of the 
sections other than what they could see from the section lines" (p. 34). This is because 
surveyors were instructed to record the location of vegetation changes only along section 
lines. In his research project, Miller (1995, p. 53) studied the major factors influencing 
vegetation in Fayette County. Eight potentials factors were used by Miller: (1) Landscape 
position from soils; (2) Native vegetation from soils; (3) Slope aspect; ( 4) Slope steepness; 
(5) Witness tree density; (6) Witness tree diameters; (7) Vegetation type size; and 
(8) classification. 
Another measure used by Miller ( 1995) was to compare the Andreas Atlas map with 
the Secretary of State (SOS) plat maps and WP A plat maps. Miller found out that vegetation 
shown on the Andreas Atlas map was nearly identical to the WP A plat maps and, thus, was 
indirectly related to the SOS plat maps (p. 72). Another finding by Miller was that there were 
negligible differences in vegetation type and distribution between the original SOS 
topographies and WPA plat maps for Fayette County. 
Geographic Information Systems (GIS) 
Geographic Information System (GIS) technology was derived from overlay mapping 
techniques that became popular in the 1960s. The overlay mapping technique popularized by 
McHarg in the 1960s was done manually using a sheet of tracing paper. As the analysis 
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process became more complicated, people realized the advantages of computer technology to 
assist performing the process. 
As the techniques and application of using map overlays and spatial analysis 
model became more mathematical and complicated, it became evident that if 
the implementation of this information was to be practical, computers had to 
be used. (Seeger, 1997, p. 51 ) 
Starting in the 1980s, the use of computer-assisted GIS became common in many 
agencies such as the DNR (Department of Natural Resources), DOT (Department of 
Transportation), Census Bureau, city planning offices, and other agencies. There are many 
different definitions of GIS because of the variety of applications. One definition is from the 
ESRI (Environmental System Research Institute, Inc.), the software company that developed 
and markets popular GIS software. 
A system of hardware, software, and procedures designed to support the 
capture, management, manipulation, analysis, modeling, and display of 
spatially referenced data for solving complex planning and management 
problems. (Rhind, 1989, p. 164) 
Rhind (1989) offers a simpler definition, "A computer system that can hold and use 
data describing places on the earth' s surface" (p. 164). Both define GIS as a computer-based 
tool used to perform overlay analysis technique. However, according to Dr. Tim Strauss 
(1998), a professor at Iowa State University, there are three additional components in GIS: 
1. People to operate the machine or computer. 
2. Hardware to store the data and run the software. 
3. Software to perform the analysis and mathematical calculation. 
4. Procedures. 
People are listed first in the GIS components because they play an important role in the 
process. A computer with software will perform the work only after receiving instructions 
from the person who operates the computers. 
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There are additional definitions of GIS made by practitioners. Anderson (1980) 
defined GIS as a combination of people, methods, data and equipment to acquire, store, 
analyze and communicate spatial data. Goodchild and Kemp (1990) defined GIS as a form of 
information system applied to geographic data. 
History 
"GIS began in the early to mid 1960s with the first operational systems being the 
Canadian Geographic Information System and those in the U.K. Experimental Cartography 
Unit" (Rhind, 1989, p. 167). The early development of "computerized GIS" was done in the 
Harvard Computer Graphics Laboratory in the early 1970s (Rhind 1989, p. 167). Howard T. 
Fisher was the first director of Harvard Graduate School of Design ' s Laboratory for 
Computer Graphics. The first of many map-making programs for "computerized GIS" was 
called SYnagraphic MAPping System (SYMAP) and was produced at Harvard. SYMAP 
consisted of GRID and IM GRID programs and these "allowed computers to be used to do 
what Ian McHarg and Hendler had done with transparent overlays" (Seeger 1989, p. 52). 
The Environmental System Research Institute (ESRI) was founded in 1969, and since 
has done a lot of research and development of GIS software. In the 1970s, the development 
of GIS very much focused on map creating. The use of computers allowed maps to be drawn 
and printed at a variety of scales and projections. In the early 1980s, the first commercial 
turnkey system was released by ESRI and ARC/INFO became the early software standard. In 
1982 the first version of ARC/INFO was launched. Later in this decade, other overlay 
mapping programs were released including GRASS GIS, ARC/INFO, Arc View, Mapinfo, 
MAP II and EPPL 7 (Miller, 1995, p. 23). The capability to quickly draw and redraw a map 
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at a different scale and make changes became one of the major advantages of using computer 
software (Seeger, 1997, p. 52). 
Components 
According to ESRI (1998, p. 2), a working GIS integrates five key components: 
hardware, software, data, people, and methods. 
1. Hardware is the computer that allows GIS to operate. 
2. Software installed in the hardware provides the functions to perform the 
work such as storing, analyzing and displaying results. 
3. Data plays an important part in GIS components. Data can be collected, 
copied or borrowed from other agencies and also can be purchased from 
vendors. "A GIS will integrate spatial data with other data resources and 
can be used as a database management system (DBMS), used by most 
organizations to organize and maintain their data, to manage spatial data." 
4. People are another important components in GIS. People give instructions 
to perform the analysis, to collect and maintain data and also to manage 
the system. In fact, the accuracy of the data collecting and data analysis is 
in large part dependent on the operator. That is one of the reasons why 
people are mentioned first in some definitions of GIS. 
5. Methods or procedures- "A successful GIS operates according to a well-
designed plan and business rules, which are the models and operating 
practices unique to each organization." (ESRI 1998, p. 2) 
Metadata 
Metadata or "data about data" are "additional information about databases". Gowan 
(1995, p. 1) defines metadata as "additional data about the quality of the regular data" . 
According to Strauss (1998), metadata describe the content, quality, condition and 
characteristics of data. Metadata are like a food label, which tells consumers about the 
ingredients and nutritional contents, "just as food is our body's fuel , spatial data is the fuel of 
the GIS. How do you determine the ' really good stuff from 'junk food '? How do you know 
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if the spatial data is 'good ' for your system?" (Federal Geographic Data Committee. 1997). 
The following are typically described by metadata (Strauss, 1998): (a) Identification of data; 
(b) Data quality; ( c) Spatial data organization; ( d) Entity and attribute information; 
(e) Currentness of data; and (f) Distribution of data. 
Functions 
Metadata provide a wide range of additional information about data that promotes the 
sharing, reuse, and interoperability of data (Cammarata, 1995, p. I). Strauss (1998) noted 
five major metadata functions: (1) Location - Where data can be obtained; (2) Discovery -
Person or agency in charge in maintaining and developing data; (3) Documentation -
Documents explaining data; (4) Evaluation - The reliability of data; and (5) Selection -
Suitability of data for a project. 
Uses 
Three major uses of metadata were also discussed by FGDC (1997) and Strauss 
(1998): (1) Organize and maintain an organization' s internal investment in spatial data; 
(2) Provide information about an organization' s data holdings to data catalogues, 
clearinghouses, and brokerages; and (3) Provide information to process and interpret data 
received through a transfer from an external source. 
Standards 
The purpose of metadata standards is to increase its utility for documenting resources 
data and information, and also to increase access among users on national and international 
basis. Metadata standard types are divided into six categories (Strauss 1998): (1) Dublin Core 
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Standard; (2) Federal Geographic Data Committee (FGDC); (3) United States Geologic 
Survey (USGS); ( 4) Spatial Data Transfer Standard (SDTS); (5) National Spatial Data 
Infrastructure (NSDI); and (6) ESRI software database engine. 
ArcView GIS 
"Desktop GIS represents the real world on a computer similar to the way maps 
represent the world on paper" (ESRI, 1997, p. 7-3). ArcView GIS is one of the desktop GIS 
software packages that is capable of performing spatial analysis and presenting the results. 
Arc View stores instructions for modeling data such as maps, charts, and tables in "a project" 
file. A project file consists of five components (ESRI 1997, p. 7-3): 
1. Views display sets of geographic data called themes in an interactive map. 
2. Tables contain descriptive information about map features called attributes 
that are linked to views described above. 
3. Charts display quantities contained in Arc View tables and views. 
4. Layouts organize and combine tables, charts, and images as graphic 
elements displayed on screen for printing and plotting. 
5. Scripts are programs (macros) written in Avenue, Arc View's own 
programming language that allows users to customize the software or to 
write and create an entire custom application. 
Arc View also has "extensions" (Avenue programs) that run inside Arc View and 
enhance its capabilities. Arc View comes with extensions that work with other software 
applications such as CAD, data themes from ESRI ' s Spatial Database Engine (SDE) database 
software, ERDAS IMAGINE images and JPEG images (ESRI, 1997, p. 7-4). Current 
Arc View GIS extensions include the following: (1) ArcPress; (2) Arc View Business Analyst; 
(3) Arc View Image Analysis; (4) Arc View Internet Map Server; (5) Arc View Network 
Analyst; (6) Arc View Spatial Analyst; (7) Arc View StreetMaps; (8) Arc View 3D Analyst; 
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and (9) Arc View Tracking Analyst.Each Arc View extension has its own functions for 
performing data analysis. For example, Arc View Spatial Analyst has the capability to create. 
query, map, and analyze raster data and also perform integrated vector and raster analysis. 
Arc View Network Analyst aids in network analysis functions such as finding the closest 
business routes or travel time (ESRI, 1997). Arc View extensions can be loaded and unloaded 
as needed. 
Integration of data 
"The power of a GIS lies in its ability to analyze spatial and attribute data together" 
(Arano ff, 1995, p. 206). According to Aranoff (1995), the GIS analysis procedure can be 
sub-divided into four categories: 
1. Retrieval/classification/measurement - In this set of functions, spatial and 
attribute data are retrieved, but only the attribute data are modified or 
created. 
5. Overlays - Arithmetic and logical overlay operations are part of all GIS 
software packages. Arithmetic overlay includes such operations as 
addition, subtraction, division and multiplication of each value in a data 
layer by the value in the corresponding location in a second data layer. A 
logical overlay involves finding those areas where a specified set of 
conditions occur or do not occur together. 
6. Neighborhood operations evaluate the characteristics of the area 
surrounding a specified location, such as counting the number of 
residential dwelling within 5-km radius of a hospital. 
7. Network functions accumulate values over the area being traversed, for 
example, a connectivity function for traveling along a city street. A street 
map could be used to define the way the elements are interconnected. 
Spatial data models 
Spatial data used with Geographic Information Systems (GIS) are of two data 
structures: raster model and vector model (Aranoff, 1995, p. 164). In GIS, the real world is 
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represented by raster and vector structure data "to reduce the data to a finite and manageable 
quantity" (Miller, 1995, p. 25). 
In the vector model, objects and elements in the real world are represented by the 
points and lines that define their boundaries (polygon). "The number of polygons is 
determined by the size of the study area, the density of object in the landscape, and the 
amount of data detail" (Miller, 1995, p . 27). The advantages and disadvantages of the vector 
data model are as follows (Aranoff, 1995, p. 166). 
Advantages: 
1. It provides a more compact data structure than the raster model. 
2. It provides efficient encoding of topology, and, as a result, more efficient 
implementation of operations that require topological information, such 
as network analysis. 
3. The vector model is better suited to supporting graphics that closely 
approximate hand drawn maps. 
Disadvantages: 
1. It is a more complex data structure than a simple raster. 
2. Overlay operations are more difficult to implement. 
3. The representation of high spatial variability is inefficient. 
4. Manipulation and enhancement of digital images cannot be effectively 
done in the vector domain. 
The raster data model consists of a regular grid of square or rectangular cells 
(Aranoff, 1995, p. 166). Normally, there is only one data value per cell, so different attributes 
are stored in separate files. For example, soil and forest data for an area would be stored as a 
separate soil and forest data files. The advantages and disadvantages of the raster data model 
are as follows (p. 166): 
Advantages: 
1. It is a simple data structure. 
2. Overlay operations are easily and efficiently implemented. 
3. High spatial variability is efficiently represented in a raster format. 
4. The raster format is more or less required for efficient manipulation and 
enhancement of digital images. 
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Disadvantages: 
1. The raster data structure is less compact. However, data compression 
techniques can often be used to overcome this problem. 
2. Topological relationships are more difficult to represent. 
3. The output of graphics is less aesthetically pleasing because boundaries 
tend to have a blocky appearance rather than the smooth lines of hand-
drawn maps. This can be overcome by using a very large number of cells, 
but may result in large files . 
Based on the advantages and disadvantages of the GIS data structures, it is very important to 
know what types of analysis are needed before deciding which data model to use (Miller, 
1995, p. 25). 
Summary 
The literature review provided background information on the establishment of 
Hamilton County, Iowa, which is the central focus of this research. Descriptions of the 
background of the United States Public Land Survey (USPLS) and the General Land Office 
(GLO) were included to trace the origins of the survey methods used to obtain historical data 
used in the study. The Geographic Information System (GIS) was described to provide 
background on the computer-mapping system used to conduct the research proposed in the 
study. The next chapter describes the methodology used to gather data. 
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CHAPTER 3. METHODS 
Hamilton County, located north central part oflowa (Figure 3-1 ), was used as the 
pilot study area for this research. It has a total area of 369,563 acres (577.4 square miles) and 
consists of 16 townships. Webster City is the county seat. The major rivers in Hamilton 
County (Figure 3-2) include the Boone River, South Skunk River, South Fork of the Iowa 
River, and Des Moines River. 
Figure 3-1 . Location of Hamilton County in Iowa 
The methods and procedures described in this chapter are focused on achieving three 
main objectives discussed in Chapter 1: 
1. Develop a description of each GLO vegetation type in Hamilton County using 
Geographic Information System (GIS) descriptive modeling techniques. 
2. Compare GLO vegetation descriptions for Hamilton County with those for Fayette 
County developed by Miller (1995). 
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Figure 3-2. Existing road and drainage features in Hamilton County 
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3. Describe potential uses of GIS data and (Arc View) software for vegetation resource 
management in Hamilton County 
GLO vegetation descriptions 
Describing the GLO vegetation patterns was one of three main goals in this research. 
From the early settlement in 191h century until today, the vegetation on the earth's surface has 
drastically changed. During the first step in creating descriptions of each GLO vegetation 
type in Hamilton County, the major factors that influenced the vegetation pattern were 
studied. Miller (1995) in his research used eight factors in descriptive modeling of GLO 
vegetation types: (1) Landscape position from soils; (2) Native vegetation from soils; 
(3) Slope aspect; (4) Slope steepness; (5) Witnessed tree composition; (6) Witnessed tree 
density; (7) Witnessed tree diameter; and (8) Vegetation type size classes. 
Factors that contributed to the changes, according to Vale (1982, p. 2) can be at least 
divided into five categories: ( 1) Regional climate; (2) Topography; (3) Soils; ( 4) Biotic 
influence; and (5) Disturbance events, such as fires. 
Vale (1982) also described how the vegetation changes occurred in each minute, day, 
month, year and decade: 
Vegetation is always changing. From one minute to another a leaf may 
fall from a branch to ground, a bud may be eaten by a grouse, or the rate of 
water loss from a blade of grass may increase. From one hour to another, 
flowers may open, fire may sweep through a patch of brush, or net energy 
storage by photosynthesis may replace net energy loss by respiration. From 
one day to another, twigs may elongate with spring growth, freezing rain may 
cause breakage of tree limbs, or herbaceous perennials may push up through 
melting snow. From one month to another, a deciduous forest may become 
leafless with the onset of cold winter weather, leaf-eating insects may 
consume the foliage of trees and shrubs, or an annual grassland may turn from 
growing green to dormant golden. From one year to another, a large seed crop 
may be followed by a small one, a fire-consumed woodland may be replaced 
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by a field of flowers and grasses, or the lush growth of one spring may be 
contrasted with the withered growth of the following. From one decade to 
another, an open meadow may become filled with invasive shrubs, a forest 
destroyed by windstorm may recover with young trees, or the composition of 
grassland may change as a wet period is followed by drought. From one 
century to another, forest freed from burning may shift from fire-dependent 
pines to fire-sensitive maples; a timberline boundary at high latitude may shift 
poleward during a warming trend; or a formerly abundant tree may be nearly 
eliminated by an unexplained increase in the numbers of a browsing animal. 
Over still longer time scales, other factor may contribute to a constantly 
changing plant cover. (p. 5) 
Even though many major factors have influenced historic vegetation patterns in Hamilton 
County, ten GIS data on influencing factors were available for this research: (1) Landscape 
position from soils; (2) Native vegetation from soils; (3) Historic vegetation from Andreas 
Atlas; (4) Slope aspect from Digital Elevation Model (DEM); (5) Slope steepness from 
Digital Elevation Model (DEM); (6) Wetlands from the National Wetlands Inventory (NWI); 
(7) Land use from USGS GIRAS; (8) Land cover from GAP analysis; (9) Adjacency of 
vegetation types; and (10) Witnessed tree species composition. 
Landscape position and native vegetation from soils 
Soils data for Hamilton County were obtained from Iowa State University GIS 
Research Facility in digital format. Digital soils data were available for each of the 16 
townships. For the purpose of this study, soils data for 16 townships were merged together 
into one shape file. In Arc View 3 .1, soils data for the northern eight townships in Hamilton 
County were merged using the "Merge Themes Together" command under the "View" and 
"GeoProcess Wizard" pull-down menu. The same process was used for the southern eight 
townships. The next step was to merge both of them into one shape file using the same 
command. In the Iowa Soil Properties and Interpretations Database ( 1997, p. 19), the 
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landscape position in Hamilton County was classified into 12 categories: 
1. Stream terraces 
2. Floodplain 
3. Upland-narrow summits, side slopes, backslope. 
4. Upland swales 
5. Upland drainageways and footslopes 
6. Combinations of upland-narrow summits, sideslopess, backslopes and stream terraces 
7. Combinations of upland-narrow summits, sideslopes, backslopes and concave 
depressions 
8. Combination of floodplain and upland drainage ways 
9. F ootslopes 
10. Combination of floodplain and footslopes 
11. Concave depressions 
12. Glacial lake or till plains 
The same processes in acquiring landscape position information were used to obtain digital 
data on native vegetation from soils. Four types of native vegetation from soils were found in 
Hamilton County: (1) Prairie; (2) Undetermined; (3) Forest; and (4) Transition. 
The twelve landscape position categories from soils data and four native vegetation 
types were then compared with the GLO vegetation pattern. In this process, the "Tabulate 
Area" command from the "Analysis" pull down menu was used to calculate the percentage 
distribution of GLO vegetation types over the landscape positions. Before the tabulation 
process, GLO vegetation coverage was first converted to a "Grid" file with the output grid 
43 
cell size set to 30 meters. To ensure the proper registration with landscape position from soil 
data, the output grid extent was set to the same as the county boundary theme. 
GLO Maps and the Andreas Atlas 
The major sources of historical vegetation data were GLO maps, and notes created by 
the surveyors and Andreas Atlas mapped by A. T. Andreas, both from the l 91h century. As 
Vale (1982) described, "Materials such as written descriptions, land survey records, and 
photographs often provide valuable insight about past vegetation conditions which may then 
be compared with contemporary plant covers" (p. 56). 
GLO vegetation maps for the entire state of Iowa were digitized by Anderson, 
Department of Landscape Architecture from Iowa State University, and completed in 1996. 
According to Anderson (1996), "In this research project, we did not use originals of the 
surveyor' s field notes and maps (because they were not available for our use). Instead, we 
used microfilm copies of the notes and maps (p. 3). Anderson ' s GLO vegetation map for 
Hamilton County (Figure 3-3) was used in the current research because it was already 
available in digital format. 
On the other hand, Andreas Atlas (Figure 3-4) was available only in the form of 
hardcopy. As part of this project, it was digitized and converted to digital format to be used 
with other digital GIS data. The first step in digitizing Andreas Atlas for Hamilton County 
was to get hardcopy from "Historical Atlas of the State oflowa" by A. T. Andreas that was 
first published in 1875. The hardcopy was then scanned using PhotoShop software and the 
image was saved as a "Tiff' uncompressed format. The next step was to geographically 
reference the scanned image to UTM coordinates. The Geographic Transformer 3.0 software 
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Figure 3-3. GLO vegetation map for Hamilton County 
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program was used to attach geographic coordinates to the scanned map image and to 
geometrically correct the image. To ensure the scanned image was registered correctly, the 
county boundary was used as a reference map to select control points. The reference 
component in the Geographic Transformer allowed creating a relationship between a source 
coordinate system, which was the scanned image (raster), and a reference coordinate system 
(vector) (Blue Marble Geographic 1996). 
After the transformation was completed, the transformed image was then opened in 
Arc View as a background image to begin the digitizing process. The first step was to start 
Arc View and add a new polygon theme. The draw polygon tool, append polygon tool, and 
split polygon tool were used to draw polygons. During the process, the "vertex edit" tool was 
used to edit polygons (vegetation types). The final step was to update the area, perimeter, 
hectares and length using "Xtools". After the area was updated, perimeter, hectares, and 
length were automatically added to the Andreas Atlas theme (Figure 3-5) attribute table. 
A Comparison of the GLO Map and Andreas Atlas 
At a glance, the GLO map and Andreas Atlas map are quite similar in terms of 
vegetation distribution patterns. In GLO maps, there are nine vegetation types recorded by 
the GLO surveyors: (1) Field; (2) Lake; (3) Marsh; ( 4) Prairie; ( 5) Pond; ( 6) Swamp; (7) Slue 
(slough); (8) Timber/ Scattering/ Opening; and (9) Timber. On the other hand, in the Andreas 
Atlas map, Andreas and his surveyors mapped four vegetation types: ( 1) Lake; (2) Prairie; 
(3) Swamp; and (4) Timber. To measure the similarity and differences between the GLO map 
and Andreas Atlas, the Coefficient of Areal Correspondence (CAC) (Unwin 1981 , p. 190) 
was used. 
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Figure 3-5. Digitized Andreas Atlas for Hamilton County 
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CAC = Area over which phenomena are located together (Area of Intersection) 
Total area covered by two phenomena (Area of Union) 
Then the Arc View "Xtools" extension (DeLaune, 1998) was used to measure the area of 
intersections and area of union. From the "Xtools" pull-down menu, the "Intersect Theme'' 
function was used to calculate the area of intersection and the "Union Polygon Theme" 
command was used to measure the total area of union between the GLO map and Andreas 
Atlas. Each vegetation category on each map was then compared using CAC formula to 
measure the similarity as a percentage. 
Slope aspect and slope steepness 
Slope aspect and slope steepness were analyzed as part of descriptive modeling of 
historic vegetation in this thesis project. Slope aspect and slope steepness were derived from 
the USGS Digital Elevation Model at a scale of 1 :24,000. Each 7.5- minute quadrangle DEM 
represents 30-by-30 meter data spacing (spot elevations) with the Universal Transverse 
Mercator (UTM) projection. A total of twenty 7.5-minute quadrangles DEM were 
downloaded from USGS web page. The USGS Digital Elevation Model (DEM) data files are 
digital representations of cartographic information in raster form that can be downloaded 
from Internet at the following address: http://mapping.usgs.gov. 
Each of the downloaded quadrangles was saved into a separate folder. After the data 
files were downloaded, each was unzipped (uncompressed). The 7.5-minute quadrangles 
DEM at 1 :24,000 scale were not in formatted forms. The Spatial Data Transfer Standard 
(SDTS) program was used to format each of the 7.5-minute quadrangle DEMs. The SDTS 
format is designed to transfer data and its contents to other file formats without loosing any 
information. 
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The next step was to convert the DEM data to a grid file using the Arc View extension 
Spatial Analyst. The original DEM data was in the form of raster file and it needed to be 
converted to a grid file before it was used with other data. After it was converted, an A venue 
script (downloaded from the ESRI web page) (see Appendix A) was used to merge all twenty 
grid files into a single one. 
After the merge process was finished, the next step was to clip the grid file to match 
the Hamilton County boundary before the overlaying process could be done. This was not a 
simple process. The Avenue script (see Appendix B) needed to do the task was downloaded 
from the ESRI web page at: http: //www.esri .com/arcscripts/beginsearch.cfm. 
From the "Surface" pull down menu, the "Derive Aspect" command was selected to 
create a slope aspect theme and the "Derive Slope" function was used to create a slope 
steepness theme. Before the data could be analyzed, the values were reclassified to convert 
the floating-point grid theme slope into an integer grid themes. From the DEM (Figure 3-6), 
the following slope aspect (Figure 3-7) and slope steepness (Figure 3-8) categories were 
classified: 
SLOPE ASPECT 
•Flat 
•North 
•Northeast 
•East 
•Southeast 
•Southwest 
•West 
•Northwest 
SLOPE STEEPNESS 
• 0 to 2 peccent 
• 2 to 4 percent 
• 4 to 9 per~:ent 
•· 9 to 14 pe:cent 
{j 14 to 18 percent 
• 18 to 25 percent 
• 25 to 50 percent 
• Above 50 percent 
EM for Hamilton County 
D 873-917 
CJ 918-961 
CJ 962-1005 
D 1000-1049 11050-1003 1094-1137 1138-1181 
1182-1225 
-1226-1269 
-NoData 
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Figure 3-6. Digital elevation model for Hamilton County 
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Figure 3-7. Slope aspect for Hamilton County 
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Figure 3-8. Slope steepness for Hamilton County 
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Wetland inventory 
The data on existing wetland and riparian areas in Iowa came from a variety of sources 
including research reports, aerial photographs, US Geological Survey topographic maps, and 
US Fish and Wildlife Service National Wetland Inventory maps (Anderson 1998, p. 1). The 
digital National Wetland Inventory data (Figure 3-9) used in this pilot study was obtained 
from the Iowa Department of Natural Resources (DNR), which "are records of wetland 
location and classification as defined by the US Fish and Wildlife Service. Wetland features 
were interpreted from color-infrared aerial photos from the National High Altitude Program 
(NHAP) taken in 1983 and 1984 with limited field checking to maintain accuracy standards" 
(DNR, 1997, p. 1 ). Digital NWI data are either manually digitized or scanned from the 
1 :24,000 scale wetland overlays registered to the standard US Geological Survey 7.5 minute 
quadrangles into topologically correct data files using Wetlands Analytical Mapping Systems 
(WAMS) software (DNR, 1997, p. 2). 
In classifying NWI data, Cowardin' s methods ( 1979) were adopted, where "the 
system is hierarchical and structured around a combination of ecological, biological, 
hydrological, and substrate characteristics which permits it to be used universally across the 
United States" (Anderson, 1996, p. 2). It also adds provisions to use water regime, water 
chemistry, soils and special modifier to provide an additional level of accuracy. According to 
Anderson (1998, p. 2), a total of 19 categories were included in the NWI for Iowa, which 
were then summarized into 15 categories and aggregated further into three major categories: 
1. Vegetated wetland - Lacustrine aquatic bed (LAB), Lacustrine 
emergent (LEM), Palustrine aquatic bed (PAB), Palustrine emergent 
(PEM), Palustrine forested (PFO), Palustrine scrub/shrub (PSS) 
NI/VI Wetlands 
- L.acustrine D Palustrine 
-Riverine 
O Upland 
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Figure 3-9. Wetland inventory for Hamilton County 
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2. Pond, lake, and reservoir habitats - Lacustrine unconsolidated bottom 
(LUB), Lacustrine unconsolidated shore (LUS), Palustrine 
unconsolidated bottom, Palustrine unconsolidated shore (PUS) 
3. River and stream habitats - Riverine aquatic bed (RAB), Riverine rock 
bottom (RRB), Riverine stream bed (RSB), Riverine unconsolidated 
bottom (RUB), Riverine unconsolidated shore (RUS) 
Land use (1975 -1984) 
Land use data in this project were developed by Iowa Department of Natural 
Resources (DNR) in 1993. The data were developed from USGS GIRAS land use files at the 
scale of 1 :250,000. Each individual quadrangle was compiled from NASA aerial 
photographs, ranging in date from 1975 to 1985. The GIRAS land uses codes and land cover 
classification system used by Anderson (1976) were used to classify the land use type. There 
were five land use types in Hamilton County: 
1. Urban/artificial cover 
2. Agriculture land 
3. Fore st land 
4. Water 
5. Barren 
Five land use types were compared with the GLO vegetation type. The "Tabulates 
Areas" function in Arc View was used to calculate the statistical distribution of each land use 
type in each GLO vegetation type in Hamilton County. 
Land cover (1990 -1992) 
Land cover data used in this research were obtained from the Gap Analysis Project in 
the form of a raster format image. The land cover was mapped from satellite imagery ranging 
in date from 1990 to 1992 at a nominal scale of 1: 100,000 (GAP 1999). Six land cover types 
mapped by GAP in Hamilton County included the following: 
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1. Artificial cover 
2. Barren 
3. Grassland 
4. Row crop 
5. Water 
6. Forest 
The original data were in the form of a raster format image (TIFF file) and was converted to 
an Arc View grid theme before it was used with other data. After it was converted, the "Clip 
With Polygon" function from the "Xtools" pull down menu was used to clip the statewide 
image to the Hamilton County boundary before the overlaying process could be done. The 
grid values were then reclassified and converted from floating-point grid theme into an 
integer grid theme. 
Adjacency of vegetation types 
One of the procedures used to develop descriptive modeling of historic vegetation in 
Hamilton County was to measure the adjacency between GLO types of vegetation. The 
outcomes from the analysis would describe their composition. The data used in measuring 
the adjacency were GLO (General Land Office) Vegetation Types. In measuring the 
adjacency of each GLO vegetation types, two major steps were used. 
The first step was to create buffer around each vegetation polygon using "Xtools" 
Arc View extension. For each of the nine GLO vegetation types mapped in Hamilton County, 
"Xtools" and "Buffer Selected Features" were used to create a buffer around the selected 
vegetation polygons. During the process, the buff er distance was set to one meter and the 
buffer option was changed to "Outside/inside". The output structure was changed to 
"Noncontiguous". Each of buffers was named and saved. 
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The next step was to intersect each of the new buffer themes with surrounding 
vegetation. Again, "Xtools" was used to intersect the themes. After the themes were 
intersected and new shaped files were created, the next step was to find the total area of 
intersection and types of vegetation that were intersected in attribute tables. From the "Field'" 
pull-down menu, the "Summarized" command was used to total up the area of intersection 
for each intersected vegetation type. Attribute tables resulting from the analysis were then 
summarized and exported to Microsoft Excel for adjacency percentage calculations. 
Percentage calculations determined the adjacency compositions for each GLO vegetation 
type in Hamilton County. 
Witness trees species composition 
Witness trees data was available in digital form for four townships, T87NR26W, 
T88NR25W, T88NR26W and T89NR25W (Figure 3-10). GLO surveyors' field notes for the 
four townships were digitized by researchers at Iowa State University as part of the digitizing 
process. During the Course of survey for the four Townships, GLO surveyors' used 19 
different trees species as witness trees: 
• Ash • Elm 
• White ash • Hazel 
• Aspen • Hickory 
• Bur oak • Lyn 
• Black oak • Maple 
• White oak • Sugar maple 
• Oak • Walnut 
• Black walnut • White walnut 
• Cedar • Willow 
• Cottonwood 
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Figure 3-10. Townships tabulated for species composition in Hamilton County 
Comparing Historic Vegetation of Hamilton County and Fayette County 
Nine vegetation types were mapped by GLO surveyors in Hamilton County but ten 
were recorded by surveyors in Fayette (Miller, 1995, p. 92). The first step in comparing 
historic vegetation descriptions for Hamilton County with those for Fayette County was to 
summarize Miller's (1995, p. 108-110) research findings for Fayette County: 
1. BARRENS 
• Predominately upland or transition landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat slope aspect 
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• Predominately 0 - 2% slopes 
• Predominately composed of bur oak and white oak 
• Mean witness trees distance was 10 meters (2nd largest) 
• Mean witness tree diameter was 34 centimeters (largest) 
• Mean area of 1. 73 square kilometers (3rd largest) 
2. GROVE 
• Predominately upland or transition landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately southeast slope aspect 
• Predominately 0 - 5% slopes 
• Predominately composed of bur oak, but also willow and elm 
• Mean witness trees distance was 6 meters (smallest) 
• Mean witness tree diameter was 29 centimeters (largest) 
• Mean area of 0.24 square kilometers (5th largest) 
3. MARSH 
• Predominately upland or transition landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat and southwest slope aspects 
• Predominately 0 - 2% slopes 
• No recorded instances of witness trees 
• Mean area of 0.29 square kilometers (4th largest) 
4. POND 
• Predominately bottomland landscape positions 
• Dominant native vegetation from soils was mixed grass and trees 
• Evenly distributed across flat, southeast, and southwest slope aspects 
• Predominately 0 - 2% slopes 
• No recorded instances of witness trees 
• Mean area of 0.05 square kilometers (smallest) 
5. PRAIRIE 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat and southwest slope aspects 
• Predominately 0 - 2% slopes 
• Witness trees were predominately bur oak, with the remainder other 
species of oak 
• Mean witness trees distance was 24 meters (largest) 
• Mean witness tree diameter was 29 centimeters (3rd largest) 
• Mean area of 93 .66 square kilometers (largest) 
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6. ROUGH 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was mixed trees and prairie 
• Predominately flat and northeast slope aspects 
• Predominately 0 - 2% slopes 
• No recorded instances of witness trees 
• Mean area of 0.08 square kilometers (9th largest) 
7. SLOUGH 
• Predominately upland landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately East and Southwest slope aspects 
• Predominately 0 - 2% slopes 
• No recorded instances of witness trees 
• Mean area of 0.09 square kilometers (7th largest) 
8. THICKET 
• Predominately transition landscape positions 
• Dominant native vegetation from soils was mixed trees and prairie 
• Predominately southwest and north slope aspects 
• Predominately 0 - 5% slopes 
• No recorded instances of witness trees 
• Mean area of 0.10 square kilometers (8th largest) 
9. TIMBER 
• Predominately transition landscape positions 
• Dominant native vegetation from soils was mostly trees, but mixed trees 
and prairie 
• Predominately flat , northeast, southeast, southwest and northwest slope 
aspects 
• Predominately 0 - 2% and 5 - 14% slopes 
• Witness trees were mainly composed of white oak and bur oak 
• Mean witness trees distance was 13 meters (3rd largest) 
• Mean witness tree diameter was 33 centimeters (2nd largest) 
• Mean area of 33.21 square kilometers (2nd largest) 
10. FIELDS 
• Predominately upland and bottomland landscape positions 
• Dominant native vegetation from soils was prairie 
• Predominately flat and southwest slope aspects 
• Predominately 0 - 5% slopes 
• No recorded instances of witness trees 
• Mean area of 0 .14 square kilometers ( 61h largest) 
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From the GLO records and maps, Fields, Timber, Slough, Prairie, Pond and Marsh that were 
mapped in Hamilton were also found in Fayette County. Next, the types of vegetation 
recorded on both Hamilton and Fayette County were then compared side-by-side to find the 
similarities and differences between them. 
Measuring Vegetation Changes 
Recently, GIS has become widely used by land management agencies such as DNR, 
NRCS, County Conservation and other agencies. One of the main goals of the current 
research was to describe potential uses of GIS data and software in managing vegetation 
resources in the areas owned by Hamilton County Conservation Board. From the early 
settlement period in the 19th century until today, vegetation patterns in Hamilton County have 
changed and become altered by natural processes and human activities. The first step in 
measuring vegetation changes in the natural areas owned by Hamilton County Conservation 
Board was to obtain digital location data for all HCCB property (Figure 3-11 ). 
The next step was to obtain GLO data and current land use data for Hamilton County. 
Using the "Clip With Polygon" command from the "Xtools" pull-down menu, the GLO 
vegetation coverage was clipped to the HCCB property boundaries and new set of GLO data 
within the HCCB property was then created. The land use (1990-1992) data file obtained was 
originally in the form of a raster image (Tiff file). In order to use the data, it had to be 
converted to a grid file. Once converted, it was then clipped to the HCCB property 
boundaries using "grid_cliptopoly.ave", an Avenue script downloaded from an ESRI web 
page. The next step was to reclassify the clipped grid file before the overlaying process 
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began. Both GLO and current land use data were then overlaid using "Tabulate Area" from 
the "Analysis" pull down menu. The tabulation table generated was exported to Microsoft 
Excel for percentage calculations. The findings listed each GLO vegetation type in each 
HCCB area and how much changes occurred to the present. 
Determining Usefulness of the Studies 
To measure the usefulness of the GIS modeling results, past and future Hamilton 
County Conservation Department management plans were examined. Second method was, 
Hamilton County Conservation Department' s personnel were interviewed and the third 
method was to study GLO vegetation research conducted by experts in historic vegetation. 
64 
CHAPTER4. RESULTS 
The results of the study are organized based on the research objectives: (1) Develop a 
description of each GLO vegetation type in Hamilton County using Geographic Information 
System (GIS) descriptive modeling techniques, (2) Compare vegetation descriptions for 
Hamilton County with those for Fayette County developed by Miller (1995), and 
(3) Describe potential uses of GIS data and (Arc View) software for vegetation resource 
management in Hamilton County. 
GLO Vegetation Description 
In developing GLO vegetation descriptions for this research, ten variables were 
included: (1) Landscape position from soils, (2) Native vegetation from soils, (3) Historic 
vegetation from Andreas Atlas, (4) Slope aspect from Digital Elevation Model (DEM), 
(5) Slope steepness from Digital Elevation Model (DEM), (6) Wetlands from the National 
Wetlands Inventory (NWI), (7) Land use from USGS GIRAS, (8) Land cover from GAP 
analysis, (9) Adjacency of vegetation types, and (10) Witnessed tree species composition. 
Landscape position 
Twelve categories of landscape position derived from soils data were found in 
Hamilton County: (1) Stream terraces (T), (2) Floodplain (W), (3) Upland-narrow summits, 
sideslopes and backslopes (U), (4) Upland swales (K), (5) Upland drainageways and 
footslopes (DF), (6) Upland-narrow summits, sideslopes, backslopes and stream terraces 
(UT), (7) Upland-narrow summits, sideslopes, backslopes and concave depressions (UC), 
(8) Floodplain and upland drainageways (WD), (9) Footslopes (F), (10) Floodplain and 
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footslopes, (11) Concave depressions (C), and (12) Glacial lake or till plain (G) 
The statistical distribution of each landscape position category within each GLO 
vegetation type was described using the "Tabulate Areas" function. The statistical 
distribution (Table 4-1) shows that 42.5% of the county was Floodplain, 42.1 % was Concave 
depressions and only a small percentage was comprised of other landscape positions. The 
"Tabulate Areas" function again was used to measure the statistical distribution of Landscape 
position for each GLO vegetation type (Table 4-1). GLO Prairie was found on the Upland 
swale position (44.9%) and a combination of Upland-narrow summits, sideslopes, and 
backslopes. For GLO Timber, more than half (61.3%) was on a combination ofUpland-
narrow summits, sideslopes, and backslopes position. GLO Timber/Scattering/Openings 
(TSO) was distributed mainly on three-landscape position: Floodplain (24.4%), Stream 
terraces (19.9%) and a combination of Upland-narrow summits, sideslopes and backslopes 
(34.3%). GLO Marsh also was not found on a single landscape position but was distributed 
on Upland swale (39.0%), a combination of Upland-narrow summits, sideslopes, backslopes, 
and concave depressions (31.3%), and a combination of Upland-narrow summits, sideslopes 
and backslopes (28.6%). GLO Pond (60.5%) and Swamp (65.9%) were located on 
combination of Upland-narrow summits, sideslopes, backslopes, and concave depressions. 
Field was distributed on Floodplain and footslopes (29.2%), Floodplain (25.5%) and a 
combination of Upland-narrow summits, sideslopes and backslopes (27.3%). GLO Lake was 
on a combination of Upland-narrow summits, sideslopes, backslopes, and concave 
depressions (54.1%). GLO Slough was distributed on Upland swale (48.0%) and a 
combination of Upland-narrow summits, sideslopes and backslopes ( 52.1 % ). 
Table 4-1. Statistical distribution of landscape position for GLO vegetation type 
GLO vegetation (ha/%) 
Landscape position Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
w 1,256.4 ha 1,022.2 ha 401.4 ha 4.1 ha O.Oha 0.0 ha 3.7 ha 0.0 ha O.Oha 2,687.9 ha 
0.9% 17.1% 24.4% 0.1% 0 .0% 0.0% 25.5% 0 .0% 0.0% 42.5% 
WF 34.6 ha 84.6 ha 0.0 ha 0.0 ha O.Oha O.Oha 4.2 ha 0.0 ha O.Oha 123.4 ha 
0.1% 0.6% 3.0% 0.0% 0 .0% 0.0% 29.2% 0.0% 0.0% 0.9% 
c 923.1 ha 0.2 ha 0.0 ha 4.2 ha O.Oha O.Oha O.Oha 0 .0 ha 0.0 ha 927.5 ha 
0.7% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 42.1% 
T 1,540.4 ha 234.7 ha 327.4 ha 0.6 ha 0.0 ha 0.0 ha 2.1 ha 7.8 ha O.Oha 2,113.0 ha 
1.1% 3 .9% 19.9% 0.0% 0 .0% 0.0% 14.3% 0.6% 0 .0% 0.6% 
F 412.9 ha 75.6 ha 29.8 ha 22.8 ha 0.0 ha 0.0 ha 0 .0 ha 1.1 ha 0.0 ha 542.2 ha 
0.3% 1.6% 1.7% 0.6% 0 .0% 0.0% 0.0% 0.1% 0.0% 0.4% 
G 13.9 ha O.Oha 0.0 ha 0.0 ha O.Oha O.Oha O.Oha 230.2 ha 0.0 ha 244.1 ha 
0 .0% 0 .0% 0.0% 0.0% 0 .0% 0 .0% 0 .0% 18.2% 0.0% 0.3% 
WO 858.6 ha 91.4 ha 33.2 ha 1.3 ha O.Oha O.Oha 0.0 ha 0 .0 ha O.Oha 984.4 ha 
0.6% 1.6% 2.0% 0.0% 0 .0% 0.0% 0.0% 0.0% 0 .0% 1.4% 0\ 0\ 
K 61,344.5 ha 480.6 ha 115.2 ha 1,424.3 ha 14.0ha 6.7 ha 0.0 ha 98.6 ha 3.2 ha 63,487.0 ha 
44.9% 8.1% 7.0% 39.0% 18.8% 19.4% 0 .0% 7.8% 48.0% 1.8% 
OF 450.7 ha 12.3 ha 3.1 ha 4.5 ha O.Oha 0.0 ha O.Oha O.Oha 0.0 ha 470.6 ha 
0.3% 0.3% 0.2% 0.1 % 0 .0% 0.0% 0.0% 0.0% 0.0% 0 .7% 
UT 74.4 ha 30.5 ha 48.6 ha O.Oha 0.0 ha 0.0 ha 0 .0 ha O.Oha 0.0 ha 153.5 ha 
0 .1 % 0.6% 3.0% 0.0% 0 .0% 0.0% 0.0% 0 .0% 0 .0% 0.1% 
UC 11 ,594.4 ha 8 .9 ha 9.9 ha 1,145.4 ha 45.1 ha 22.6 ha 0 .0 ha 684.3 ha 0.0 ha 13,510.6 ha 
8.5% 0.3% 0.5% 31.3% 60.5% 65.9% 0.0% 54.1% 0.0% 0.1% 
u 57,421.6 ha 3,691.6 ha 565.5 ha 1,043.6 ha 15.4 ha 5.0 ha 4.0 ha 120.9 ha 3.4 ha 62,871 .0 ha 
42.0% 61.4% 34.2% 28.6% 20.7% 14.7% 27.3% 9.6% 52.1% 0.2% 
Not listed 812.7 ha 294.9 ha 114.3 ha 4.2 ha O.Oha 0.0 ha 0.5 ha 122.5 ha 0 .0 ha 1,349.2 ha 
0 .6% 4.9% 6.9% 0.1% 0 .0% 0 .0% 3.7% 9.7% 0 .0% 9.0% 
Total 136,738.2 ha 6,027.6 ha 1,648.4 ha 3,655.2 ha 74.5ha 34.3 ha 14.5 ha 1,265.3 ha 6.6 ha 149,464.4 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square 254.70 60.20 21 .70 306.90 354.90 364.20 12.30 155.30 303.70 
P-Value 0.00 0 .00 0.00 0 .00 0 .00 0 .00 0 .40 0 .00 0 .00 
Chi-square (overall) 48.20 
P-value (overall) 0.57 Note: TSO = Timber/Scattering/Open; see Chapter 4 for descriptions of landscape position categories 
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that each individual variable compared was dependent except the GLO Field. However, for 
the overall comparison a Chi-square value of 48.17 and P-value of 0.4 7 (greater than 0.05) 
indicated that the two variables, landscape position and GLO vegetation type, were 
statistically independent. 
Native vegetation 
Native vegetation derived from soils was determined by analyzing soils type because 
soil formations begin when plants die and add layers of organic matter to the soils. In 
Hamilton County most of soil was formed under prairie grasses and water tolerant plants 
(Soil Conservation Service, 1986). In developing a descriptive model of historic vegetation 
patterns, native vegetation from soils was compared to GLO vegetation. Again, the "Tabulate 
Areas" function was used to measure the statistical distribution of native vegetation types for 
each GLO vegetation type (Table 4-2). The native vegetation Prairie covered 97.4% of the 
total county area. In a comparison between GLO vegetation and Native vegetation type from 
soils, all nine GLO vegetation types mapped in Hamilton County: Prairie (98.8% ), Timber 
(69.9%), Timber/Scattering/Open (77.9%), Marsh (99.8%), Pond (100%), Swamp (100%), 
Field (96.3%), Lake (90.3%) and Slough (100%) were found under native vegetation Prairie. 
However, 20.7% of the GLO Timber area remained under native vegetation Forest. Figure 4-
1 graphically shows the distribution pattern of native vegetation type for each GLO 
vegetation type. 
Chi-squared values ranging from 0.02 to 3.46 and P-values greater than 0.05 
indicated that each individual variable compared was statistically independent. In an overall 
Table 4-2. Statistical distribution of native vegetation type for GLO vegetation type 
GLO vegetation (ha/%) 
Native vegetation Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Prairie 135, 121.9 ha 4,200.0 ha 1,283.9 ha 3,648.7 ha 74.5 ha 34.3 ha 14.0 ha 1,142.8 ha 6.6 ha 145,535. 7ha 
98.8% 69.8% 77.9% 99.8% 100.0% 100.0% 96.3% 90.3% 100.0% 97.4% 
Undetermined 812.7ha 294.9 ha 114.3 ha 4.2 ha O.Oha 0.0 ha 0.5 ha 122.5 ha O.Oha 1,349.2 ha 
0.6% 49% 6.9% 0.1% 0.0% 0.0% 3.7% 9.7% 0.0% 0.9% 
Forest 553.3 ha 1,247.2 ha 131 .9 ha 2.3 ha 0.0 ha 0.0 ha 0.0 ha 0 .0 ha 0.0 ha 1,934.7 ha 
0.4% 20.7% 8.0% 0.1% 0.0% 0.0% 0.0% 0 .0% 0.0% 1.3% 
Transition 250.3 ha 276.4 ha 118.2ha O.Oha 0.0 ha 0.0 ha 0.0 ha O.Oha 0.0 ha 644.9 ha 
0.2% 4.6% 7.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 
Total 136,738.2 ha 6,027.6 ha 1,648.4 ha 3 ,655.2 ha 74.5 ha 34.3 ha 14.5 ha 1,265.3 ha 6.6 ha 149,464.4 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square 0.01 3.46 1.22 0 .03 0 .03 0.03 0.02 0.25 0.03 
P-Value 1.00 0.33 0.75 0 .99 0 .99 0.99 0.99 0.97 0 .99 
Chi-square (overall) 41 .02 0\ 00 
P-value (overall) O.Q1 
Note: TSO = Timber/Scattering/Openings 
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comparison, a Chi-square value of 41.02 and P-value of 0.01 indicated the two variables, 
native vegetation and GLO vegetation type, were statistically dependent. 
Andreas Atlas map 
In comparing the GLO vegetation map and the Andreas Atlas map, two descriptive 
statistics were used, Coefficient of Areal Correspondence and "Tabulate Areas" function 
from the Arc View "Spatial Analyst" extension. Five types of vegetation included on both the 
General Land Office map and Andreas Atlas map were statistically compared using 
Coefficient of Areal Correspondence (CAC). The five vegetation types compared were the 
following: (I) Timber (GLO) compared to Forest (Andreas); (2) Timber and TSO (GLO) 
70 
compared to Forest (Andreas); (3) Prairie (GLO) compared to Prairie (Andreas); (4) Marsh 
(GLO) compared to Swamp (Andreas); and (5) Lake (GLO) compared to Lake (Andreas) 
GLO vegetation was surveyed in Hamilton County from 1846 to 1852 and the Andreas Atlas 
map for the entire state of Iowa was finished and published in 1875. Thus, the difference in 
time (over 20 years) may explain a difference in vegetation coverage. The CAC (Table 4-3) 
was 55.5% when comparing Timber areas found on both maps. The CAC was even higher 
(76.5%) when GLO Timber and Timber/Scattering/Openings were combined and then 
compared with timber from Andreas Atlas map. Prairie covered more than 90% of area in 
Hamilton County in the early settlement period has the CAC value of 97.0%. The highest 
percentage indicates that distribution pattern and amount of prairie on both maps were 
similar. The CAC computed for Lake on both maps was 75.5%. On the other hand, the CAC 
for GLO Marsh and Andreas Swamp was only 22.5%. The low CAC may be due to the 
difference in time period of the two data sources. When Andreas and his team mapped 
Hamilton County over 20 years after the GLO surveyors, marsh and swamp areas may have 
been drained for road construction and also for agricultural land. 
The Arc View function, "Tabulate Areas" also was used to compare vegetation 
patterns on the GLO map and Andreas Atlas map (Table 4-3). In the tabulated areas results 
(Table 4.4), 97.9% of the GLO Prairie was Andreas Prairie, 88.0% of the GLO Timber was 
Andreas Timber, and 82.0% of the GLO Lake was Andreas Lake. As depicted in Figure 4-2 
GLO Timber (88.0%), Timber/Scattering/Openings (83.2%) and Field (100%) were closely 
related to each other and they were found predominately under Andreas Timber. However, 
for GLO Marsh, Pond and Slough, large percentages were on Andreas Prairie. 
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Table 4-3. Coefficient of Areal Correspondence (CAC) for vegetation comparisons between 
the GLO map and Andreas Atlas map 
Area of Intersection Area of Union CAC 
Category ha ha % 
Timber (GLO) compared to Timber (Andreas) 5437 9791 55.5 
Timber & TSO (GLO) compared to Timber (Andreas) 7681 10037 76.5 
Prairie (GLO) compared to Prairie (Andreas) 136726 140907 97.0 
Lake (GLO) compared to Lake (Andreas) 1037 1375 75.4 
Marsh (GLO) compared to Swamp (Andreas) 824 3655 22.5 
Chi-squared values ranging from 13.06 to 130.61 and P-values smaller than 0.05 
indicated that each individual variable compared was statistically dependent. In an overall 
comparison, a Chi-square value of 389.94 and P-value less than 0.05 indicated that the two 
variables, Andreas vegetation type and GLO vegetation type, were also statistically 
dependent. 
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Table 4-4. Percentage distribution of GLO vegetation type for Andreas Atlas historic vegetation type 
GLO vegetation (ha/%) 
Andreas vegetation Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Timber 2,333.1 ha 5,435.7 ha 1,403.5 ha 4.5 ha 0.0 ha 0.0 ha 14.5 ha 5.3 ha 0.0 ha 9, 196.6 ha 
1.7% 88.0% 83.2% 0.1% 0.0% 0.0% 100.0% 0.4% 0.0% 6.1% 
Swamp 482.1 ha 4.1 ha 0.0 ha 823.3 ha 0.0 ha 0.0 ha 0.0 ha 3.4 ha 4.3 ha 1,317.2 ha 
0.4% 0.1% 0.0% 22.5% 0.0% 0.0% 0.0% 0.3% 65.8% 0.9% 
Lake 109.2 ha 0.0 ha 0.0 ha 0.3 ha 8.7 ha 0.0 ha 0.0 ha 1,037.2 ha 1.2 ha 1,156.5 ha 
0.1% 0.0% 0.0% 0.0% 10.5% 0.0% 0.0% 82 .0% 17.8% 0.8% 
Prairie 133,844.9 ha 738.5 ha 283.3 ha 2,826.8 ha 74.5 ha 34 .3 ha 0.0 ha 219.4 ha 1.1 ha 138,022.8 ha 
97.9% 12.0% 16.8% 77.3% 89.5% 100.0% 0.0% 17.3% 16.4% 92.2% 
Total 136,769.3 ha 6,178.2ha 1,686.8ha 3,654.9ha 83.3 ha 34.3 ha 14.5 ha 1,265.3 ha 6.6 ha 149,693.1 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square 7.42 114.17 107.24 19.62 13.06 19.18 130.61 61 .94 81.46 
P-value 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
-....) 
Chi-square (overall) 389.94 N 
P-value (overall) 0.00 
Note: TSO= Timber/Scattering/Openings 
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Land use (1975 -1984) 
The statistical distribution of each land use category within GLO vegetation type was 
also described using the "Tabulate Areas" function. Figure 4-3 graphically shows the 
distribution pattern of land use type for each GLO vegetation type. From the tabulated 
results, 95. 7% of the total Hamilton County area was agriculture land. The statistical 
distribution of each GLO vegetation type in Table 4-5 indicates that 97.8% of the GLO 
Prairie area, 77.0% of the GLO Timber/Scattering/Openings, 99.4% of the GLO Marsh, 
97.9% ofGLO Swamp, 89.2% ofGLO Lake, and 100% ofGLO Pond, Field and Slough 
areas were under agriculture land. However, large portions of GLO Timber were under 
agriculture land (50.5%) and forest land (45.0%). 
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Figure 4-3. Distribution pattern of land use type (1975-1984) for each GLO vegetation type 
Table 4-5 . Statistical distribution of land use (1975 - 1984) for each GLO vegetation type 
GLO vegetation (ha/%) 
Land use Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Urban/Artificial cover 2,021 .0 ha 226.2 ha 79.3 ha 22.5 ha 0.0 ha 0.7 ha 0.0 ha 0.5 ha 0.0 ha 2,350.3 ha 
1.5% 3.8% 4.8% 0.6% 0.0% 2.1% 0.0% 0.0% 0.0% 1.6% 
Ag . Land 133,790.0 ha 3,044.1 ha 1,268.8 ha 3,632.4 ha 74.5 ha 33.6 ha 14.5ha 1,128.2ha 6.6 ha 142,992.6 ha 
97.8% 50.5% 77.0% 99.4% 100.0% 97.9% 100.0% 89 .2% 100.0% 95.7% 
Forest land 863.8 ha 2,711 .6ha 278.9 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 3,854.3 ha 
0.6% 45.0% 16.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.6% 
Water 32.2 ha 27.9 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 136.6 ha 0.0 ha 196.7 ha 
0.0% 0.5% 0.0% 0.0% 0.0% 0.0% 0.0% 10.8% 0.0% 0.1% 
Barren 30.0 ha 17.8 ha 21 .2ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 69.0 ha 
0.0% 0.3% 1.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Total 136, 737.1 ha 6,027.6 ha 1,648.3 ha 3,654.9 ha 74.5 ha 34.3 ha 14.5ha 1,265.3ha 6.6 ha 149,463.0 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
-..) 
Chi-square 0.35 10.62 2.30 0.37 2.04 0.03 2.04 2.42 0.37 ~ 
P-value 0.99 0.03 0.68 0.99 0.73 1.00 0.73 0.94 0.99 
Chi-square (overal l) 188.65 
P-value (overall) 0.00 
Note: T SO = Timber/Scattering/Openings 
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Chi-squared values ranging from 0.35 to 2.42 and P-values greater than 0.05 
indicated that each individual variable compared was statistically independent except for 
Timber. However, in an overall comparison, Chi-square value of 188.65 and P-value less 
than 0.05 indicated the two variables, land use type and GLO vegetation type, were 
statistically dependent. 
Land cover (1990 -1992) 
Row crop covered a large portion (85.4%) of the total Hamilton County area (Figure 
4-4. The statistical distribution of each GLO vegetation type in Hamilton County in Table 
4-6 indicates that more than 80 percent of GLO Prairie, Marsh, Swamp and Slough included 
row crop area, 72.1 % of GLO Pond and 65.5% of GLO Lake were also row crop area. GLO 
Timber, Timber/Scattering/Openings and Field, mainly included three land cover types: 
(1) Row crop, (2) Forest and (3) Grassland. 
Chi-squared values ranging from 0.41 to 4.41 and P-values greater than 0.05 
indicated that each individual variable compared was statistically independent except for 
Timber. Timber/Scattering/Openings and Field which had a higher Chi-square value and a 
P-value less than 0.05 were dependent. However, for overall comparison Chi-square value of 
68.92 and P-value less than indicated that the two variables, land cover and GLO vegetation 
type, were statistically dependent 
Slope aspect 
Slope aspect data used in this research were derived from a Digital Elevation Model 
(DEM) at 1 :24,000 scale and 30-meter by 30-meter resolution as described in the previous 
chapter. Nine categories of slope aspect (see Chapter 3) were compared with GLO vegetation 
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Figure 4-4. Distribution pattern ofland cover (1990-1992) for GLO vegetation 
to describe slope aspect composition of each GLO vegetation type (Figure 4.5). The 
"Tabulate Areas" function again was used in comparing slope aspect and GLO vegetation 
type. The results are shown in Table 4-7. In general, there was no statistically significant 
distribution pattern that could be concluded from the table. Slope aspect was nearly evenly 
distributed for each GLO vegetation type, except 39.8% of GLO Field was on Northeast and 
32.3% was on East slope aspects. Marsh (24.7%), Swamp (24.6%) and Swamp (26.5%) were 
found more than average on Flat slope aspect. 
Chi-squared values ranging from 0.01 to 11.57 and P-values greater than 0.05 
indicated that each individual variable compared was statistically independent except for 
Field. In an overall comparison a Chi-square value of 0.03 and a P-value 1.00 indicated the 
two variables, slope aspect and GLO vegetation type, were also statistically independent. 
Table 4-6. Statistical distribution of each land cover (1990 - 1992) for GLO vegetation type 
GLO vegetation (ha/%) 
Land cover Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Artificial cover 1,423.7 ha 124.6 ha 77.9 ha 17.5 ha 0.1 ha 0.4 ha 1.4 ha 3.1 ha 0.0 ha 1,648.4 ha 
1 0% 2.1% 4.7% 0.5% 0.1% 1.0% 9.3% 0.2% 0.0% 1.1% 
Barren 532.4 ha 75.3 ha 1.0 ha 20.3 ha 0.0 ha 0.0 ha 0.0 ha 32.0 ha 0.0 ha 661 .1 ha 
0.4% 1.2% 0.1% 0.6% 0.0% 0.0% 0.0% 2.5% 0.0% 0.4% 
Grassland 12,200.2 ha 1,913.0 ha 473.0 ha 288.5 ha 14.9 ha 3.5 ha 6.2 ha 125.2 ha 0.3 ha 15,024.6 ha 
8.9% 31 .7% 28.7% 7.9% 19.9% 10.2% 42.9% 9.9% 4.1% 10.1% 
Row crop 120,831.4 ha 1,821 .0 ha 711 .3 ha 3,292.4 ha 53.7 ha 30.2 ha 4.6 ha 828.8 ha 6.3 ha 127,579.6 ha 
88.4% 30.2% 43.2% 90.2% 72.1% 87.9% 31 .7% 65.5% 95.9% 85.4% 
Water 67.4 ha 34.6 ha 3.8 ha 0.5 ha 0.0 ha 0.0 ha 0.0 ha 92.4 ha 0.0 ha 198.7 ha 
0.0% 0.6% 0.2% 0.0% 0.0% 0.0% 0.0% 7.3% 0.0% 0.1% 
Forest 1,634.6 ha 2,059.0 ha 381.4 ha 32.5 ha 5.9 ha 0.3 ha 2.3 ha 183.8 ha 0.0 ha 4,299.8 ha 
1.2% 34.2% 23.1% 0.9% 7.9% 0.8% 16.1% 14.5% 0.0% 2.9% 
-...] 
-...] 
Total 136,689.7 ha 6,027.4 ha 1,648.3 ha 3,651 .7 ha 74.5 ha 34.3 ha 14.5 ha 1,265.3 ha 6.6 ha 149,412.2 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square 0.55 21 .61 18.12 0.80 2.58 0.41 36.50 2.10 4.41 
P-value 0.99 0.00 0.00 0.98 0.76 0.99 0.00 0.84 0.49 
Chi-square (overall) 68.92 
P-value (overall) 0.00 
Note: TSO = Timber/Scattering/Openings 
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The same data (DEM) and procedure used to create slope aspect were also used to 
create slope steepness. Again, the "Tabulate Areas" function was used to compute the 
distribution of slope steepness categories for each vegetation type (Table 4-8). In general, 
93 .1 % of Hamilton County had slope steepness between 0 to 2%. From the tabulated results, 
95.0% of the GLO Prairie included a 0 to 2% slope steepness. Because a large portion of 
Hamilton County area was a 0 to 2% slope, other GLO vegetation types (Timber, 
Table 4-7. Statistical distribution of slope aspect for GLO vegetation type 
GLO vegetation (ha/%) 
Slope Aspect Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Flat 24,784.0 ha 693.0 ha 168.0 ha 899.0 ha 12.0 ha 8.0 ha 0.0 ha 335.0 ha 1.0 ha 26,900.0 ha 
18.2% 11 .5% 10.2% 24.7% 16.5% 24.6% 1.2% 26.5% 19.2% 18.0% 
North 13,760.0 ha 630.0 ha 145.0 ha 395.0 ha 6.0 ha 1.0 ha 1.0 ha 155.0ha 1.0 ha 15,094.0 ha 
10.1% 10.5% 8.8% 10.8% 7.6% 3.2% 4.3% 12.3% 21 .9% 10.1% 
Northeast 14,745.0 ha 651 .0 ha 174.0 ha 376.0 ha 9.0 ha 0.0 ha 6.0 ha 143.0 ha 2.0 ha 16, 106.0 ha 
10.8% 10.8% 10.6% 10.3% 11 .7% 1.3% 39.8% 11.4% 27.4% 10.8% 
East 14,027.0 ha 658.0 ha 164.0 ha 357.0 ha 9.0 ha 1.0 ha 5.0 101 .0 1.0 15,323.0 ha 
10.3% 10.9% 10.0% 9.8% 12.3% 2.7% 32.3% 8.0% 12.3% 10.3% 
Southeast 14,412.0 ha 708.0 ha 198.0 ha 378.0 ha 10.0 ha 5.0 ha 1.0 ha 121 .0 ha 0.0 ha 15,833.0 ha 
10.6% 11 .7% 12% 10.4% 13.4% 15% 9.3% 9.6% 6.8% 10.6% 
South 15,253.0 ha 713.0 ha 253.0 ha 353.0 ha 9.0 ha 5.0 ha 1.0 ha 118.0ha 0.0 ha 16,705.0 ha 
11 .2% 11 .8% 15.4% 9.7% 11 .6% 14.7% 6.8% 9.3% 2.7% 11.2% 
-.] 
Southwest 17, 107.0 ha 739.0 ha 254.0 ha 363.0 ha 6.0 ha 5.0 ha 0.0 ha 142.0 ha 0.0 ha 18,616.0 ha 
\D 
12.5% 12.3% 15.5 % 10.0% 7.5% 14.4% 2.5% 11 .2% 5.5% 12.5% 
West 14,225.0 ha 677.0 ha 176.0 ha 327.0 ha 6.0 ha 6.0 ha 0.0 ha 103.0 ha 0.0 ha 15,520.0 ha 
10.4% 11 .2% 10.7% 9.0% 8.3% 17.9% 2.5% 8.2% 1.4 ha 10.4% 
Northwest 8, 198.0 ha 557.0 ha 110.0 ha 195.0ha 8.0 ha 2.0 ha 0.0 ha 45.0 ha 0.0% 9, 115.0 ha 
6.0% 9.2% 6.7% 5.4% 11 .0% 6.1% 1.2% 3.6% 2.7 ha 6.1% 
Total 136,511 .0 ha 6,026.0 ha 1,643.0 ha 3,644.0 ha 75.0 ha 34.0 14.0 ha 1,262.0 ha 7.0 ha 149,216.0ha 
100% 100% 100% 100% 100% 100 100% 100% 100% 100% 
Chi-square 0.01 1.75 4.57 1.98 0.55 6.37 42.30 3.32 11 .57 
P-Value 1.00 0.99 0.80 0.98 1.00 0.61 0.00 0.91 0.17 
Chi-square (overall) 0.03 
P-value (overall) 1.00 
Note: TSO = Timber/Scattering/Openings 
Table 4-8. Statistical distribution of slope steepness for GLO vegetation type 
GLO vegetation (ha/%) 
Slope steepness Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
0-2% 129,677.9 ha 3, 177.2 ha 1,250.8 ha 3,490.7 ha 71 .3 ha 33.5 ha 7.9 ha 1,233.4 ha 6.0 ha 138,948.6 ha 
95.0% 52.7% 76.1% 95.8% 95.7% 99.5% 54.7% 97.7% 91 .8% 93.1% 
2-4% 5,664.8 ha 1,051 .1 ha 235.0 ha 144.2 ha 3.2 ha 0.2 ha 1.9 ha 27.7 ha 0.5 ha 7, 128.6 ha 
4.1% 17.4% 14.3% 4.0% 4.3% 0.5% 13.0% 2.2% 8.2% 4.8% 
4-9% 788.1 ha 620.6 ha 95.9 ha 8.9 ha 0.0 ha 0.0 ha 1.0 ha 1.1 ha 0.0 ha 1515.7 ha 
0.6% 10.3% 5.8% 0.2% 0.0% 0.0% 6.8% 0.1% 0.0% 1.0% 
9-14% 241.3 ha 486.6 ha 41 .5 ha 0.3 ha 0.0 ha 0.0 ha 1.4 ha 0.0 ha 0.0 ha 771 .1ha 
0.2% 8.1% 2.5% 0.0% 0.0% 0.0% 9.9% 0.0% 0.0% 0.5% 
14-18% 89.7 ha 366.8 ha 16.7 ha 0.0 ha 0.0 ha 0.0 ha 0.7 ha 0.0 ha 0.0 ha 473.9 ha 
0.1% 6.1% 1.0% 0.0% 0.0% 0.0% 5.0% 0.0% 0.0% 0.3% 
18-25% 32.9 ha 241 .3ha 3.1 ha 0.0 ha 0.0 ha 0.0 ha 1.3 ha 0.0 ha 0.0 ha 278.5 ha 00 
0.0% 4.0% 0.2% 0.0% 0.0% 0.0% 8.7% 0.0% 0.0% 0.2% 0 
25-50% 15.0 ha 72.1 ha 0.0 ha o.o ha 0.0 ha 0.0 ha 0.3 ha 0.0 ha 0.0 ha 87.4 ha 
0.0% 1.2% 0.0% 0.0% 0.0% 0.0% 1.9% 0.0% 0.0% 0.1% 
50 and Greater 1.8 ha 10.6 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 12.4 ha 
0.0% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Total 136,511.5 ha 6,026.3 ha 1,643.0 ha 3,644.0 ha 74.5 ha 33.7 ha 14.5 ha 1,262.2 ha 6.6 ha 149,216.1 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi square 0.02 11 .17 1.59 0.05 0.05 0.21 10.57 0.11 0.03 
P-Value 1.00 0.13 0.98 1.00 1.00 1.00 0.16 1.00 1.00 
Chi-square (overall) 136.41 
P-value (overall) 0.00 
Note: TSO = Timber/Scattering/Openings 
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Timber/Scattering/Open, Marsh, Pond, Swamp, Field, Lake and Slough) also included this 
slope steepness category, ranging from 52.7 to 99.5% of each vegetation type. However, 
smaller portions (52.7 to 54.7%) of Timber and Field included 0 to 2% slopes. The 
distribution patterns shown in Figure 4-6 indicate that Timber and Field were closely related 
to each other. This may be due to the common practice in the early settlement period, when 
Euro-American settlers began to inhabit Hamilton County that fields were often created near 
timber and river or stream valley (Hewes, 1950). Because timber at that time was the main 
source for building materials, fencing, fuel , fields were often located close to Timber areas. 
Chi-squared values ranging from 0.02 to 11.17 and P-values greater than 0.05 
indicated that each individual variable compared was statistically independent. However, in 
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an overall comparison, a Chi-square value of 136.41 and a P-value less than 0.05 indicated 
the two variables, slope steepness and GLO vegetation type, were statistically dependent. 
Wetlands 
Another comparison made was between GLO vegetation and NWI wetlands. Data 
were obtained from the Iowa Department of Natural Resources (DNR). Four wetland 
categories described in Chapter 3 were used for comparison with GLO vegetation types: 
(1) Upland, (2) Riverine, (3) Palustrine, and (4) Lacustrine. 
Figure 4-7 graphically shows the distribution pattern of wetlands for GLO vegetation 
type. The results in Table 4-9 show that almost all (99.2%) of the total Hamilton County area 
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Table 4-9. Statistical distribution ofNWI wetland for GLO vegetation type 
GLO vegetation (ha/%) 
Wetland Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Upland 136,088.9 ha 5,702.6 ha 1,526.9 ha 3,605.6 ha 71 .6 ha 34.3 ha 14.4ha 1,116.2ha 6.6 ha 148,167.0 ha 
99.6% 94.7% 92.6% 98.7% 96.0% 100.0% 99.4% 88.2% 100.0% 99.2% 
Riverine 48.7 ha 174.1 ha 56.1 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 278.8ha 
0.0% 2.9% 3.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 
Palustrine 512.2 ha 120.4 ha 60.7 ha 48.0 ha 3.0 ha 0.0 ha 0.1 ha 43.7 ha 0.0 ha 788 .0 ha 
0.4% 2.0% 3.7% 1.3% 4.0% 0.0% 0.6% 3.4% 0.0% 0.5% 
Lacustrine 17.8 ha 23.0 ha 4.6 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 105.5 ha 0.0 ha 150.8ha 
0.0% 0.4% 0.3% 0.0% 0.0% 0.0% 0.0% 8.3% 0.0% 0.1% 
Total 136,667.6 ha 6,020.0 ha 1,648.3 ha 3,653.6 ha 74.5 ha 34.3 ha 14.5 ha 1,265.3 ha 6.6 ha 149,384.6 ha 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square 0.01 0.06 0.13 0.00 0.05 0.01 0.00 0.45 0.01 
P-value 1.00 0.99 0.99 1.00 0.99 1.00 1.00 0.93 1.00 00 w 
Chi-square (overall) 178.15 
P-value (overall) 0.00 
Note: TSO= Timber/Scattering/Openings 
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was on Upland wetlands categories and less than 1 % was on Rivereine (0.2%). Palustrine 
(0.5%) and Lacustrine (0.3%). Again, because most of Hamilton County area was the Upland 
category, the majority of GLO vegetation types also included this category, ranging from 
88.2 to 100%. Even though large portions of GLO vegetation was the Uplands category. the 
GLO Lake, Pond and Marsh were associated with Palustrine and Lacustrine which had the 
second highest percentage. 
Chi-squared values ranging from 0.01 to 0.45 and P-values greater than 0.05 
indicated that each individual variable compared was statistically independent. However, in 
an overall comparison, a Chi-square value of 178.15 and a P-value less than 0.05 indicated 
the two variables, NWI Wetlands and GLO vegetation type, were statistically dependent. 
Measures of adjacency 
Another method and procedure in descriptive modeling of GLO vegetation types for 
Hamilton County was measuring the adjacency of GLO vegetation types. The results, shown 
in Table 4-10, describe the amount of each GLO vegetation type adjacent to each vegetation 
type. From the tabulated results, the most common GLO vegetation type next to other types 
, was Prairie, except for Field, which shared 52.0% of its perimeter with 
Timber/Scattering/Opening' s. This may be due to the early settlement period in which 
settlers preferred to establish their fields near Timber/Scattering/Openings to minimize tree 
clearing for agriculture and yet be close to a source of fuel and building material. Anderson 
(1996, p. 53) defined Timber/Scattering/Openings as " ... the areas that surveyors described 
as timber in some parts, scattering trees in some parts and openings in other parts, but did not 
draw the separate areas on their township maps". 
Table 4-10. Percentage of adjacency for each GLO vegetation types 
GLO vegetation Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Prairie 160,644.80 m 36, 176.8 m 239,299.4 m 5,298.8 m 4,310.9 m 810.8 m 26,474.0 m 1,161.4 m 474, 176.9 m 
Adj% 94.9% 88.3% 98.3% 61.9% 100.0% 34.4% 87.1% 85.4% 94.7% 
Timber 3,263.4 m 812.7 m 0.0 m 0.0 m 319.3 m 3,699.9 m O.Om 8,095.3 m 
Adj% 8.0% 0.3% 0.0% 0.0% 13.6% 12.2% 0.0% 1.6% 
TSO 3,262.7 m 272.9 m O.Om 0.0 m 1,224.1 m 0.0 m 0.0 m 4,759.7 m 
Adj% 1.9% 0.1% 0.0% 0.0% 52.0% 0.0% 0.0% 1.0% 
Marsh 813.4 m 271 .1 m 2,773.1 m O.Om O.Om 98.8 m 90.7 m 4,047.1 m 
Adj% 0.5% 0.7% 32.3% 0.0% 0.0% 0.3% 6.7% 0.8% 
Pond 493.4 m 0.0 m 2,760.3 m O.Om 0.0 m 0.0 m 0.0 m 3,253.7 m 
Adj% 0.3% 0.0% 1.1% 0.0% 0.0% 0.0% 0.0% 0.6% 
Swamp O.Om 0.0 m 0.0 m 0.0 m O.Om 0.0 m 0.0 m O.Om 
Adj% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
Field 318.9 m 1,215.9 m 0.0 m O.Om 0.0 m 0.0 m O.Om 1,534.8 m 
Adj% 0.2% 3.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 00 
Lake 3,700.7 m 0.0 m 100.2 m 492.5 m O.Om 0.0 m 107.2 m 4,400.6 m 
V1 
Adj% 2.2% 0.0% 0.1% 5.8% 0.0% 0.0% 7.9% 0.9% 
Slough O.Om 0.0 m 89.3 m O.Om O.Om 0.0 m 105.4 m 194.7 m 
Adj% 0.0% 0.0% 0.1% 0.0% 0.0% 0.0% 0.4% 0.0% 
Total 169,233.9 m 40,970.4 m 243,437.8 m 8,564.4 m 4,310.9 m 2,354.2 m 30,378.2 m 1,359.3 m 500,609.1 m 
Adj% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square 0.01 0.24 0.05 13.6 0.13 38.94 0.45 0.87 
P-value 1.00 1.00 1.00 0.09 1.00 0.00 1.00 0.99 
Chi-square (overall) 70.46 
P-value (overall) 0.02 
Note: TSO = Timber/Scattering/Openings 
Adj = Adjacency 
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Even though 61.9% of GLO Pond ' s perimeter was adjacent to Prairie, a large 
percentage of Pond (32.3%) was also located adjacent to Marsh. Chi-squared values ranging 
from 0.01 to 13.60 and P-values greater than 0.05 indicated that each individual variable 
compared was statistically independent except for Field. However, in an overall comparison, 
a Chi-square value of 70.46 and a P-value of 0.02 indicated that each GLO vegetation type 
and its adjacent vegetation types, were statistically dependent. 
Species composition 
Frequencies for tree species for four selected townships were tabulated to describe 
species composition in the townships. Independence (T88N R25W), Webster (T87N R26W) 
and Freedom Townships (T88N R26) were surveyed in 1849 by the same GLO surveyor, 
Wm. Neely and Cass Township (T89N R25W) was surveyed in 1853 by Jos. Jennings. From 
the results (Table 4-11), Oak species: Bur Oak (19.9%), White Oak (13 .9%) and Black Oak 
(12.9%) were the dominant species identified as witness trees in the four townships. 
Comparison of Historic Vegetation with Fayette County 
GLO vegetation types in Hamilton County were compared with those for Fayette 
County developed by Miller (1995). Two procedures were used: (1) six vegetation types 
mapped by GLO surveyors on the both counties were compared side by side, and 
(2) compared GLO vegetation type for both counties with the same data (GAP land cover 
1990-1992) and NWI wetlands to find differences and similarities between them. 
The six GLO vegetation types found in both counties included the following : 
(1) Prairie, (2) Marsh, (3) Pond, (4) Timber, (5) Slough, and (6) Field. Barrens, Grove, 
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Table 4-11. Historic species composition for four townships in Hamilton County 
Townships (Frequency) 
Common name T87R26W T88R25W T89R25W T88R26W Cum. Freq. Total (%) 
Bur oak 40 7 26 3 76 19.6% 
White oak 43 4 6 54 13.9% 
Black oak 34 7 7 2 50 12.9% 
Elm 25 6 12 4 47 12.1% 
Lynn 32 7 5 1 45 11.6% 
Hickory 8 3 14 0 25 6.4% 
Walnut 13 3 2 1 19 4.9% 
Ash 13 2 2 0 17 4.4% 
Sugar maple 10 0 0 11 2.8% 
Oak 5 0 5 0 10 2.6% 
Hazel 9 0 0 0 9 2.3% 
Maple 0 0 9 0 9 2.3% 
Cottonwood 1 3 3 0 7 1.8% 
Black walnut 0 0 2 0 2 0.5% 
Willow 0 0 2 0.5% 
White ash 2 0 0 0 2 0.5% 
Cedar 0 1 0 0 0.3% 
Aspen 0 0 0 0.3% 
White walnut 0 0 0 0.3% 
Total 237 44 95 12 388 100.0% 
Rough and Thicket were mapped in Fayette but were not found in Hamilton County. GLO 
vegetation types Timber/Scattering Openings, Swamp and Lake were mapped in Hamilton 
but were not found in Fayette. In the comparison, the six variables used included the 
following: (1) Landscape position derived from soils, (2) Native vegetation derived from 
soils, (3) Slope aspect derived from Digital Elevation Model (DEM), ( 4) Slope steepness 
derived from the Digital Elevation Model (DEM), (5) Land cover 1990 - 1992, and 
(6) Wetlands. 
From the tabulated results, distribution of slope aspect in GLO vegetation types for 
both counties was different except that GLO Prairie included predominately flat and 
southwest slope aspects in both counties. The differences may be due to the fact that the two 
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counties are located in different landform regions. Hamilton County is located on Des 
Moines Lobe, which is "poorly drained and is dotted with potholes" (Eiler & Roosa, 1994, p. 
10). Fayette County, on the other hand, is in two landform regions, Iowan Surface and 
Paleozoic Plateau. The latter is described as the "most rugged part of state and is often 
referred to as little Switzerland" (Eiler & Roosa, 1994, p. 10). However, GLO Prairie, Marsh. 
Timber, Slough and Field in both counties were found predominately on native vegetation 
Prairie, except for GLO Pond which was located on the native vegetation type mixed grass 
and trees. 
The distribution of slope steepness classes in GLO vegetation types were similar in 
both Hamilton County and Fayette County. GLO Prairie, Marsh, Pond, Timber, and Slough 
were found predominately on 0 to 2% of slope steepness. However, a large proportion of 
Field was located on 0 to 2% slopes in Hamilton County but was found on 0 to 5% slopes in 
Fayette County. GLO Timber was not only predominately on 0 to 2% slopes but also 5 to 
14% slopes in Fayette County. 
Finally, to find the similarities and differences in GLO vegetation descriptions for the 
two counties, two data sources (land cover 1990-1992 and NWI wetlands) were analyzed for 
both Hamilton County and Fayette County (Table 4-12). Most GLO vegetation types found 
in both included predominately row cropland cover except for GLO Pond and Timber in 
Fayette County which included a high percentage of grassland land cover. For NWI 
wetlands, a large proportion (more than 80%) of all six GLO vegetation types mapped in 
both counties included the Upland category. 
Table 4-12. Comparison between GLO vegetation descriptions for Hamilton County and Fayette County 
Variables 
Landscape Position 
Native vegetation (soils) 
Slope aspect 
Slope steepness 
Land cover 1990-1992 
Wetlands 
Variables 
Landscape Position 
Native vegetation (soils) 
Slope aspect 
Slope steepness 
Land cover 1990-1992 
Wetlands 
Variables 
Landscape Position 
Native vegetation (soils) 
Slope aspect 
Slope steepness 
Land cover 1990-1992 
Wetlands 
Hamilton County 
Prairie 
• Predominately Upland swales and 
Upland - narrow summits, sideslopes 
and backslopes ( 42.0 to 44. 9%) 
• Predominately was Prairie (98.8%) 
• Flat and southwest have the highest 
percentage (12.5 to 18.2%) 
• Predominately on 0 to 2% slope (95 .0%) 
• Predominately on row crop (88.4%) 
• Upland (99.6%) 
Marsh 
• Upland -swales, narrow summits, 
sideslope, backslopes and concave 
depressions (28.6 to 39.0%) 
• Prairie (99.8%) 
• Predominately on Flat (24.7%) 
• 0 to 2% slope (95.8%) 
• Predominately on row crop (90.2%) 
• Upland (98.7%) 
Pond 
• Upland - narrow summits, 
sideslope, backslopes and concave 
depressions (60.5%) 
• Prairie (100%) 
• Higher percentage on flat, northeast, 
east, southeast, south and northwest (11.0 to 16.5%) 
• Oto2%slope(95.7%) 
• Predominately on row crop (72. 1 % ) 
• Upland (96.0%) 
Fayette County 
Prairie 
• Predominately Upland (73.9%) 
• Predominately was Prairie (74.8%) 
• Predominately on flat and southwest (13 .8 to 35.1 %) 
• Predominately on 0 to 2% slope (77.4%) 
• Predominately on row crop (74.2%) 
• Upland (97.8%) 
Marsh 
• Predominately Upland or transition (88.6%) 
• Prairie (96.6%) 
• On flat and southwest(19.4 to 45.5%) 
• 0 to 2% slope (95.1%) 
• Predominately on row crop (80.3% 
• Upland (98.2%) 
Pond 
• Predominately bottomland (78 .9%) 
• Mixed grass and trees ( 18. 7 to 78. 9%) 
• Flat, southeast, and southwest (31 .2 to 34.2%) 
• 0 to 2% slope (67.7%) 
• Predominately on grassland (50.3%) 
• Upland (84.3%) 
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Table 4-12. (Continued) 
Variables 
Landscape Position 
Native vegetation (soils) 
Slope aspect 
Slope steepness 
Land cover 1990-1992 
Wetlands 
Variables 
Landscape Position 
Native vegetation (soils) 
Slope aspect 
Slope steepness 
Land cover 1990-1992 
Wetlands 
Variables 
Landscape Position 
Native vegetation (soils) 
Slope aspect 
Slope steepness 
Land cover 1990-1992 
Wetlands 
Hamilton County 
Timber 
• Upland - narrow summits, sideslopes 
and backslopes (61.4%) 
• Prairie (69.8%) 
• Flat, north, northeast, east, southeast, 
Southwest, west and northwest (9.2 to 12.3%) 
• 0 to 2% slope (52.7%) 
• Forest, row crop and grassland (30.2 to 34.2%) 
• Upland (94.3%) 
Slough 
• Predominately Upland swales and 
Upland - narrow summits, sideslopes 
and backslopes (48.0 to 52.1%) 
• Prairie ( 100%) 
• Northeast, North and flat (19.2 to 27.4%) 
• 0 to 2% slope (91.8%) 
• Predominately on row crop (95.9%) 
• Upland (100.0%) 
Field 
• Floodplain, footslopes and 
Upland - narrow summits, sideslopes and 
Backslopes (25.5 to 29.2%) 
• Prairie (96.3%) 
• Northeast and east (32 .3 to 39.8%) 
• 0 to 2% slope (54.7%) 
• Predominately on row crop (42.9%) 
• Upland (99.4%) 
Fayette County 
Timber 
• Transition (74.2%) 
• Trees (mixed trees and prairie) (37.4 to 48.2%) 
• Flat, northeast, southeast, southwest 
and northwest ( 11.l to 19.2%) 
• 0 to 2% and 5 to 14% (34 .5 to36.3%) 
• Grassland ( 44.5%) 
• Upland (97.9%) 
Slough 
• Upland (100%) 
• Prairie (100%) 
• East and southwest (27.7 to 52.2%) 
• 0 to 2% slope (98.2%) 
• Predominately on row crop (69.6%) 
• Upland (100.0%) 
Field 
• Upland and bottomland (38.2 to 39.0%) 
• Prairie(64.1%) 
• Flat and southwest ( 19.0 to 25.1%) 
• 0 to 5% slope (39.7 to 56.5%) 
• Predominately on row crop (50.3%) 
• Upland (88.3%) 
"° 0 
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Measuring Vegetation Changes 
In the early settlement period of mid-l 91h century, five GLO vegetation types were 
mapped in the natural area owned by Hamilton County Conservation Department. After more 
Table 4-12than 100 years, the vegetation pattern has been changed and altered. To measure 
the changes the "Tabulate Areas" function was used to compare GLO vegetation (184 7 to 
1853) with current land cover (1990 to 1992). The results are shown in Table 4-13. From the 
table, more than half (59.8%) of the GLO Prairie area has changed to row crop agriculture. 
However, only 52.0% of GLO Timber area in the early settlement period still remained as 
forestland cover. For GLO Marsh 47.7% changed to grassland, 39.5% changed to row crop 
agriculture and the rest changed to forest, barren and to developed area (artificial cover). 
Lake mapped by GLO surveyors more than one hundred years ago showed little change; 
89.8% of GLO Lake was water in 1990 to 1992. 
Table 4-13. Statistical distribution of current land cover (1990-1992) for GLO vegetation 
types in Hamilton County Conservation Department natural areas 
GLO vegetation (ha/%) 
Land cover Prairie Timber Marsh Lake Total 
Artificial cover 3.6 ha 2 .0 ha 1.1 ha 0.1 ha 6.8 ha 
1.2% 1.2% 2.1% 0.1 % 1.1% 
Barren 11.6 ha 2.8 ha 1.6 ha 1.0 ha 17.0ha 
4.0% 1.6% 3.1% 1.0% 2.8% 
Grassland 52.9 ha 46.0 ha 24.7 ha 6.4 ha 130.0 ha 
18.3% 26.9% 47.7% 6.4% 21 .2% 
Row crop 173.2 ha 13.1 ha 20.4 ha 0.5 ha 207.2 ha 
59.8% 7.6% 39.5% 0.5% 33.9% 
Water 6.3 ha 18.2 ha 0.0 ha 89.8 ha 114.3 ha 
2.2% 10.6% 0.0% 90.0% 18.7% 
Forest 42.1 ha 88.7 ha 4.0 ha 2.0 ha 136.8 ha 
14.5% 52.0% 7.7% 2.0% 22.4% 
Total 289.7 ha 170.7 ha 51 .8 ha 99.8 ha 612.0 ha 
100% 100% 100% 100% 100% 
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Usefulness of Historic Vegetation Information 
To assess the usefulness of historic vegetation information in Hamilton County, 
Hamilton County Conservation Department personnel Mr. Holt, Mr. Devig and Mr. 
Frankhauser were interviewed. All three of them cited the importance of developing 
descriptive models of GLO historic vegetation patterns in Hamilton County. They described 
several ways in which information on historic vegetation would help them in managing their 
natural areas: 
• Habitat management - For example, looking at the statistical distribution oflandscape 
position (Table 4-1 ), a large percentage of GLO vegetation types were predominately 
Upland swales and Floodplain and upland drainageways, which indicated that those 
two types of landscape position are the most suitable for habitat preservation and 
reconstruction. In an addition, land use (Table 4-5) and land cover (Table 4-6) also 
showed that less than 3% of the original forest area in Hamilton County still remains 
today. This indicates that areas for wildlife habitat in the county may continue to 
diminish without a proper management plan. Slope steepness information (Table 4-8) 
would help in determining areas for certain type of vegetation cover suitable for 
wildlife habitat. For example, GLO Timber was located predominately 0-2% slopes. 
• Vegetation reconstruction /restoration - Statistical distribution ofNWI wetlands 
(Table 4-9) would be useful to find areas suitable for wetland or marsh restoration. 
For example, GLO Marsh was located where there are two types ofNWI wetlands: 
(1) Upland 98 . 7% and (2) Palustrine 1.3%, which indicated that those are two types 
of wetland areas suitable for future marsh restoration. Also, tree species composition 
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(Table 4-11) could indicate tree species appropriate for future forest preservation and 
reconstruction. 
• Justifications in acquiring land to be preserve as natural areas -Statistical distribution 
of land use (Table 4-5) and land cover (Table 4-6) would give information on how 
much natural area is left in the county that needs to be acquired for preservation. For 
example, out of 6,027.4 hectares of timber areas mapped by GLO surveyors (1847 to 
1853), only 2,059.0 hectares (34.2%) was left in 1990 to 1992. 
• Educate the public - Presenting information on vegetation changes (Table 4-6) would 
raise awareness that changes have occurred around them. Some of the areas that used 
to be prairie have now been converted to agriculture (88.4%). Out of 6,027.4 hectares, 
only 2,059.0 hectares (34.2%) of forest was left and out of 1,265 .3 hectares only 92.4 
hectares (7.3%) of water remains today. Such information would be valuable to 
educate the public and could be used in: (1) public meetings, (2) meetings with 
individual landowners, and (3) educational programs for youth. 
There have been several recent vegetation reconstruction/restoration projects in Hamilton 
County that would have benefited from the results of this thesis project. For example, from 
1981to1984 they reconstructed about 283.5 acres of Gordon' s Marsh, Statistical distribution 
ofNWI wetland for GLO vegetation type presented in Table 4-9 was very valuable to them 
in this project. They used soils data to interpret information on native vegetation in the 
project area. Again from 1995 to 1998, the Hamilton County Conservation Department 
constructed two projects that required information on historic vegetation patterns, Bauer 
Slough (wetland restorations) and Richard's Marsh (marsh reconstruction) . They said it was 
difficult to discuss the future without referring to the past and present. 
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Historic vegetation information is useful to other land managers also. The difficulty 
in obtaining historic past vegetation information also makes GLO studies very useful. as 
Vasey (1966, p. 33) Assistant Specialist in Forestry, University of California, Berkeley, 
stressed in his paper for the symposium on Management for Park Preservation: 
The past vegetation which I have defined as the vegetation that existed 
prior to the arrival of the white man is somewhat difficult to describe and 
accurate figures of the area covered by each vegetation type are difficult to 
obtain. 
Thomson (1987, p. 116), who studied the original forest in Iowa in the early settlement 
period stressed the difficulties in getting accurate vegetation descriptions. 
The difficulties of hypothesizing the extent oflowa's early cover are several-fold. 
Obviously, no one was on hand to make a statistical survey, and even the early census 
reports suffered from such vague or biased interpretations of what forest was that the 
recorded estimates of forest are essentially useless. 
According to Thomson, one inconsistency in describing the early settlement vegetation of 
Iowa was lack of specific definition of the vegetation types used by GLO surveyors. Another 
researcher, Curtis, who studied the vegetation of Wisconsin also states that one of the 
methods to study vegetation was to analyze GLO surveyors' records. To Curtis, federal land 
surveyors' records provided one of the most complete sources. 
From these records it is possible to obtain a quantitative picture of the vegetation 
at the date of the survey. From the surveyors ' own statements as to the nature 
of the vegetation and from their maps, areas can be delimited which appear to be 
relatively homogeneous in composition. Data from all corners pointed in these areas 
can be then tabulated and the composition of the forest in terms of quantitative 
measurements of density, dominance, and frequency for each species of trees can 
be calculated (Curtis 1959, p. 64). 
Schroeder (1982) who spent 12 years studying GLO surveyors' field notes, succeeded in 
compiling and creating a map representing the presettlement prairie in the state of Missouri. 
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According to Vale ( 1982, p. 56). another important aspect in studying the GLO vegetation 
pattern is the following: 
Materials such as written descriptions, land survey record, and photographs often 
provide valuable insight about past vegetation conditions which may then be 
compared with contemporary plants. 
All provide evidence to answer Research Question 4: Are these descriptions of GLO 
vegetation types useful for land management by the Hamilton County Conservation 
Department? 
Summary 
The results of the data analysis were presented in this chapter. Arc View GIS was used 
to develop the descriptive GLO vegetation models which helped to analyze historic and 
current data for Hamilton County, Iowa. The findings, conclusions, and recommendations 
are presented in Chapter 5. 
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CHAPTER 5. FINDINGS AND RECOMMENDATIONS 
This study attempted to clarify the misconceptions in describing historic vegetation as 
well as to raise the level of awareness among public on the dramatic changes that occurred in 
vegetation over time. This research used the general method developed by Miller (1995) to 
describe the historic vegetation patterns in Hamilton County, Iowa. There were three major 
objectives: (1) Develop a description of each GLO vegetation type in Hamilton County using 
Geographic Information System (GIS) descriptive modeling techniques, (2) Compare 
vegetation descriptions for Hamilton County with those for Fayette County developed by 
Miller (1995), and (3) Describe potential uses of GIS data and (Arc View) software for 
vegetation resource management in Hamilton County. The findings are discussed based on 
the results of the data collection. Conclusions are drawn and recommendations for future 
study are given. 
Four research questions were developed to guide the study: 
1. Have human activities had an impact on General Land Office (GLO) vegetation 
patterns? 
2. Are the descriptions of GLO vegetation types for Hamilton County different from 
those for Fayette County developed by Miller (1995)? 
3. Are the amounts and distribution of historic vegetation types derived from soil survey 
maps significantly different from those derived from GLO maps? 
4. Are these descriptions of GLO vegetation types useful for land management by the 
Hamilton County Conservation Department? 
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Findings Based on the Research Questions 
Human impact on GLO vegetation 
Research Question I : Have human activities had an impact on General Land Office (GLO) 
vegetation patterns? 
Based on the results of the study, humans did have an influence on GLO vegetation 
patterns. For example, a GLO Field mapped in Hamilton County was described "as 
agricultural field developed settlers" (Anderson, 1996, p. 50) which was usually located 
adjacent to GLO Timber/Scattering/Openings and GLO Timber. This was due to the practice 
of Euro-American early settlers who preferred to locate their fields close GLO Timber and 
Timber/Scattering/Openings for building materials and fuel. 
It is recommended that an in-depth study of the early settlement patterns in every 
township in Hamilton County be conducted to study the influence on GLO vegetation types. 
This certainly would help measure human impacts on GLO vegetation patterns. 
GLO vegetation descriptions 
Research Question 2: Are the descriptions ofGLO vegetation types for Hamilton County 
different from those for Fayette County developed by Miller (I 995)? 
To answer this question, first descriptive models for GLO vegetation types in 
Hamilton County, Iowa, were developed. Ten data variables were statistically compared with 
GLO vegetation type: (1) Landscape position from soils, (2) Native vegetation from soils, 
(3) Historic vegetation from Andreas Atlas, (4) Slope aspect from Digital Elevation Model 
(DEM), (5) Slope steepness from Digital Elevation Model (DEM), (6) Wetlands from the 
National Wetlands Inventory (NWI), (7) Land use from USGS GIRAS, (8) Land cover from 
GAP analysis, (9) Adjacency of vegetation types, and (10) Witnessed tree species 
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composition. The statistical distribution of each variable in each GLO vegetation type was 
tested using Chi-square to measure the strength of relationship. The Chi-square test results 
helped in determining the most influential variables in developing descriptive models for 
GLO vegetation types. Based on the results, a definition each GLO vegetation type in 
Hamilton County is given as follows: 
GLO Prairie 
• Predominately Upland-swales (42.0%) and Upland-narrow summits, sideslopes and 
backslopes landscape positions ( 44.9 %) 
• Predominately native vegetation prairie (98.8%) 
• Predominately Andreas prairie (97.9%) 
• A large portion on flat ( 12.5%) and southwest slope aspects (18.2%) 
• Predominately was 0 to 2% slope (95.0%) 
• Predominately agriculture land use 1975 to 1984 (97.8%) 
• Predominately row crop land cover 1990 to 1992 (88.4%) 
• Predominately Upland wetlands category (99.6%) 
• Recorded by all GLO surveyors Lewis Thomas. (32.7%), Wm. Neely (22.5%), James 
Jackson (19.6%), Jos. Jennings, (12.2%) and Chas. Gilliam (13 .0%) 
GLO Timber 
• Predominately Upland- narrow summits, sideslopes and backslopes landscape 
positions (61.4%) 
• Predominately native vegetation Prairie (69.8%) 
• Predominately Andreas Timber (88.0%) 
• Evenly distributed southwest (12.3%), south (11.8%), southeast (11.7 %), flat 
(11.5%), west (11.2%), east (10.9%), northeast (10.8%), north (10.5%) and northwest 
(9.2%) slope aspects 
• Predominately 0 to 2% slope (52.7%) 
• Predominately agriculture land (50.5%) and forest (45.0%) land use 1975 to 1984 
• Predominately forest land (34.2%), Grassland (31.7%) and row crop (30.2%) land 
cover 1990 to 1992 
• Predominately Upland wetlands category (94.7%) 
• Mostly adjacent to GLO Prairie (94.9%) 
• 83 .2% was recorded by Wm. Neely 
GLO Timber/Scattering/Openings 
• Predominately Upland- narrow summits, sideslopes and backslopes (34.2%), 
Floodplain and footslopes (24.4 %) and Stream terraces (19.9%) landscape positions 
• Predominately native vegetation Prairie (77.9%) 
• Predominately Andreas Timber (83.2%) 
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• Mainly southwest (15.5%), south (15.4%), southeast (12.0 %), west (10.7%), 
northeast (10.6%), flat (10.2%) and east (10.0%) slope aspects. 
• Predominately 0 to 2% slope (76.1 %) 
• Predominately agriculture (77.0%) land use 1975 to 1984 
• Mainly row crop (43 .2%), Grassland (28. 7%) and forest (23.1 %) land cover 1990 to 
1992 
• Predominately Upland wetlands category (92.6%) 
• Mostly adjacent to GLO Prairie (88.3%) 
• 100% was recorded by Jos. Jennings 
GLO Marsh 
• Mainly Upland swales (39.0%), Upland- narrow summits, sideslopes, backslopes and 
concave depressions (31.3%) and Upland- narrow summits, sideslopes and 
backslopes (28.6%) landscape positions 
• Predominately native vegetation Prairie (99.8%) 
• Predominately Andreas Timber (77.3%) 
• Mainly flat (24.7%), north (10.8%), southeast (10.4%), northeast (10.3%) and 
southwest (I 0. 0%) slope aspect 
• Predominately 0 to 2% slope (95.8%) 
• Predominately agriculture (99.4%) land use 1975 to 1984 
• Mainly row crop (90.2%) land cover 1990 to 1992 
• Predominately Upland wetlands category (98.7%) 
• Mostly adjacent to GLO Prairie (98.3%) 
• A large percentage was recorded by Lewis Thomas, (39.0%) and Wm. Neely (35.9%) 
GLO Pond 
• Predominately Upland- narrow summits, sideslopes, backslopes and concave 
depressions (60.5%) landscape position 
• Predominately native vegetation Prairie ( 100%) 
• Predominately Andreas Timber (89.5%) 
• Mainly on flat (16.5%), southeast (13.4%), east (13.4%), northeast (11.7%), south 
(11.6%) and northwest (11.0%) slope aspect 
• Predominately 0 to 2% slope (95.7%) 
• Predominately agriculture (100%) land use 1975 to 1984 
• Mainly row crop (72.1 % ) land cover 1990 to 1992 
• Predominately Upland wetlands category (96.0%) 
• Mostly adjacent to GLO Prairie (61.9%) and GLO Marsh (32.3%) 
• A large percentage was recorded by Wm. Neely (33 .3%), Lewis Thomas (31.9%) 
and Jos. Jennings (28.9%) 
GLO Swamp 
• Predominately Upland- narrow summits, sideslopes, backslopes and concave 
depressions (65.9%) landscape positions 
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• Predominately native vegetation Prairie (100%) 
• Predominately Andreas Prairie ( 100%) 
• Mainly on flat (24.6%), west (17.9%), southwest (15.0%), south (14.7%) and 
southwest (14.4%) slope aspects 
• Predominately 0 to 2% slope (99.5%) 
• Predominately agriculture (97.9%) land use 1975 to 1984 
• Mainly row crop (87.9%) land cover 1990 to 1992 
• Predominately Upland wetlands category (100%) 
• Mostly adjacent to GLO Prairie (100%) 
• Jos. Jennings was the only surveyor to use the term Swamp (100%) 
GLO Field 
• Predominately Floodplain and footslopes (29.2%), Upland- narrow summits, 
sideslopes, backslopes and concave depressions (27.3%) and Floodplain (25.5%) 
landscape positions 
• Predominately native vegetation Prairie (96.3%) 
• Predominately Andreas Timber ( 100%) 
• Mainly on northeast (39.8%) and east (32.3%) slope aspects 
• Predominately 0 to 2% slope (54.7%) 
• Predominately agriculture (100%) land use 1975 to 1984 
• Mainly grassland ( 42. 9%) and row crop (31. 7%) land cover 1990 to 1992 
• Predominately Upland wetlands category (99.4%) 
• Mostly adjacent to GLO Timber/Scattering/Openings (52.0%) and GLO Prairie 
(34.4%) 
• Jos. Jennings (50.3%) and Wm. Neely (49.7%) were the only two surveyors to use the 
term Field 
GLO Lake 
• Predominately Upland- narrow summits, sideslopes, backslopes and concave 
depressions ( 54 .1 % ) landscape positions 
• Predominately native vegetation Prairie (90.3%) 
• Predominately Andreas Lake (82.0%) 
• Mainly on flat (26.5%), north (12.3%), northeast (11.4%) and southwest (11.2%) 
slope aspects 
• Predominately 0 to 2% slope (97.7%) 
• Predominately agriculture (89.2%) land use 1975 to 1984 
• Mainly row crop (65.5%) land cover 1990 to 1992 
• Predominately Upland wetlands category (88.2%) 
• Mostly adjacent to GLO Prairie (87.1 %) 
• The term was used by Jackson (72.5%) 
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GLO Slough 
• Predominately Upland- narrow summits, sideslopes and backslopes (52.0%) and 
Upland swales (48.0%) landscape positions 
• Predominately native vegetation Prairie ( 100%) 
• Predominately Andreas Swamp (65.8%) 
• Mainly on northeast (27.4%), north (21.9%), flat (19.2%) and east (12.3%) slope 
aspects 
• Predominately 0 to 2% slope (91.8%) 
• Predominately agriculture (100%) land use 1975 to 1984 
• Mainly was on grassland (95.9%) and row crop (31. 7%) land cover type 1990 to 1992 
• Predominately Upland wetlands category (100%) 
• Mostly adjacent to GLO Prairie (85.4%) 
• Wm. Neely was the only surveyor who used the term Slough (100%) 
As presented in the results in Chapter 4, there were five vegetation types mapped by 
GLO surveyors which covered large portion of Hamilton County: (1) Prairie, (2) Timber, 
(3) Marsh, ( 4) Timber/Scattering/Openings, and (5) Field. From the tree species composition 
study of four townships presented in chapter 4, oak species (Bur Oak, White Oak and Black 
Oak) were the most common species selected as witness trees in Hamilton County. Of the 
nine GLO vegetation types, Prairie covered more than 90 percent of the total county area and 
Slough was the least common (0.004%) found in Hamilton County. 
Chi-square also was used to measure relationships between variables. The highest 
Chi-square value (Table 5-1 and Figure 5-1) indicated that the variable had the strongest 
relationship with GLO vegetation type and, therefore, would be a strong predictor of GLO 
vegetation in a predictive model. The lowest Chi-square value showed that the variable had 
little or had no relationship to GLO vegetation type and, therefore, would not be as useful in 
predictive modeling. Of the ten variables compared with GLO vegetation type (Table 5-1 and 
Figure 5-1), Andreas historic vegetation (389.94) had the strongest relationship, it was the 
strongest predictor of GLO vegetation type, followed by land use (188.65), NWI wetlands 
(178.15), slope steepness (136.41), vegetation adjacency (70.46), land cover type (68.92) and 
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landscape position ( 48.20). On the other hand, native vegetation from soils ( 48.02), GLO 
surveyors (1.93) and slope aspect (0.03) showed little or no relationship to GLO vegetation. 
These findings could help researchers in the future to determine which variables to study in 
developing definitions of GLO vegetation types for other counties. The Chi-square test and 
Coefficient of Areal Correspondence (CAC) measures also supported the hypothesis by 
Miller (1995, p. 7) that Andreas historic vegetation map was created and updated from the 
GLO vegetation map. 
Table 5-1. Chi-square value comparison 
Items Overall Chi-square 
Andreas Atlas 389.94 
Land use (1975-1984) 188.65 
Wetland category (NWI) 178.15 
Slope steepness (DEM) 136.41 
Adjacency measure 70.46 
Land cover ( 1990-1992) 68.92 
Landscape position 48.20 
Native vegetation (soils) 41.02 
GLO surveyors 1.93 
Slope aspect (DEM) 0.03 
Overall P-value 
0.00 
0.00 
0.00 
0.00 
0.02 
0.00 
0.57 
0.01 
1.00 
1.00 
Date Rank 
1875 
1975-1984 2 
1983-1984 3 
4 
1847-1854 5 
1990-1992 6 
8 
7 
1847-1853 9 
10 
Because of differences in definitions, the description of each GLO vegetation type 
applies only to Hamilton County and any attempts to use them for any other places would be 
inappropriate. As Miller (1995 , p. 110) and other researchers stressed, many other factors 
that influenced vegetation distribution could have been included (climate, topography, soils, 
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biotic influences, fires) and applied in these descriptions. The following recommendations 
are made: 
1. Conduct an in-depth study of witness trees species composition and size classes to 
determine type of trees species frequently used by GLO surveyors as witness trees 
and types of species commonly found in Hamilton County; 
2. Conduct an in-depth study of GLO surveyors' background to determine why the 
terms used in classifying vegetation types differ from one surveyor to another; 
m Chi-square 
Andreas Land use Wetland 
Atlas (1975-1984) category 
Slope Adjacency Land cover Landscape Native GLO Slope aspect 
steepness measure ( 1990-1992) position vegetation surveyors (DEM) 
(NWI) (DEM) (soils) 
Variables compared 
Figure 5-1. Chi-square value comparison for each individual variable 
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3. Apply the Coefficient of Areal Correspondence (CAC) measures to each variable 
compared to develop more evidence to support descriptive models developed in this 
research project for Hamilton County; 
4. Conduct an in-depth study of fire ' s influences on vegetation distribution patterns; 
5. Conduct an in-depth study of human influences on vegetation distribution patterns; 
6. Consider other historical sources such maps, photographs and written descriptions; 
7. Use the same data analysis methods to create predictive historic vegetation models to 
map all areas in Hamilton County described by the GLO definitions; and 
8. Consider other factors such as micro climate, soil types and biotic influences. 
Comparison between Hamilton County and Fayette County 
A side-by-side comparison presented in Chapter 4 indicated that there were 
similarities and differences between vegetation descriptions for Hamilton County and Fayette 
County. Because the data (landscape position and native vegetation from soils, slope aspect 
and slope steepness from DEM) used for both Hamilton County and Fayette County were 
different, it was difficult to measure the similarities and differences between them. Of the six 
variables used in comparing GLO vegetation definitions for Hamilton County and Fayette 
County, NWI wetlands was the only variable consistent in predicting vegetation type in both 
counties. 
There are several factors that may explain why there are differences in vegetation 
descriptions between Hamilton County and Fayette County. They may include the following : 
(1) Data sources, (2) Landform and ecological regions, (3) GLO surveyors, and ( 4) Year the 
county was surveyed. Six variables (landscape position, native vegetation derived from soils, 
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slope aspect, slope steepness, land cover types ( 1990-1992) and NWI wetlands type) were 
compared with GLO vegetation mapped on both Hamilton County and Fayette County. Of 
the six variables, two (land cover 1990-1992 and NWI wetlands) were derived from the same 
data sources for both counties and the other four (landscape position, native vegetation 
derived from soils, slope aspect and slope steepness) were different in scale, structure, and 
data sources. Data sources were different for landscape position and native vegetation, which 
were derived from the soils survey for each county. Landscape position and native vegetation 
for Hamilton County were from soil data, whereas for Fayette County they were derived 
from soils association data which is more general in classification. Differences in definitions 
of vegetation descriptions were also found for slope aspect, which was derived from Digital 
Elevation Model (DEM) data. The definitions were similar for slope steepness except for 
GLO Field. 
Differences in definitions may be due to differences in data detail and scale. DEM 
data used for Hamilton County were much larger scale (1 :24,000) and more detailed (cell 
size 30 meters by 30 meters) than DEM data used for Fayette County (scale at 1 :250,000 and 
cell size 250 meters by 250 meters). When the same data were used (land cover and land use) 
for both counties, the results indicated that the vegetation descriptions for both counties were 
quite similar but more than two variables were needed to support this finding. 
Differences in landform and ecological regions was one of the possible factors that 
influenced the vegetation descriptions for Hamilton County and Fayette County. Hamilton 
County is in the Des Moines Lobe landform region, whereas Fayette is in two different 
landform regions (Iowan surface and Poleozoic plateau) as shown in Figure 5-2. Each 
landform region has a different character that may influence GLO vegetation descriptions. 
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The difference in time each county was surveyed also may explain the differences in 
GLO vegetation description for Hamilton County and Fayette County. Hamilton County was 
surveyed by GLO surveyors from 1847 to 1853, and Fayette County was surveyed from 1837 
to 1849. As Vale (1982) mentioned, vegetation always changes, each minute, day, month, 
year and decade. 
Figure 5-2. Landform regions (Prior, 1991, p. 31) 
The fourth factor that may explain the differences in GLO vegetation definitions was 
the surveyors. Because the two counties were surveyed by different GLO surveyors, the 
vegetation type recorded may vary from one surveyor to another depending on their 
background. As shown in Table 5-2, 32.7% of GLO Prairie in Hamilton County was mapped 
Table 5-2. Vegetation types mapped by GLO surveyors in Hamilton County 
GLO Vegetation (ha/%) 
Surveyors Prairie Timber TSO Marsh Pond Swamp Field Lake Slough Total 
Gilliam,C. 17,773.5 ha 363.1 ha 0.0 ha 445.1 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 0.0 ha 18,581 .7 
13.0% 6.0% 0.0% 12.2% 0.0% 0.0% 0.0% 0.0% 0.0% 12.4% 
Jenning, J. 16,738.5 ha 19.9 ha 1,648.3 ha 107.6 ha 21 .5 ha 34.3 ha 7.3 ha 0.0 ha 0.0 ha 18,577.4 
12.2% 0.3% 100.0% 2.9% 28.9% 100.0% 50.3% 0.0% 0.0% 12.4% 
Neely, W. 30,804.1 ha 5,015.4 ha 0.0 ha 1,312.1 ha 24.8 ha 0.0 ha 7.2 ha 224.1 ha 6.6 ha 37,394.3 
22.5% 83.2% 0.0% 35.9% 33.3% 0.0% 49.7% 17.7% 100.0% 25.0% 
Jackson, J. 26,746.7 ha 206.7 ha 0.0 ha 363.5 ha 4.4 ha 0.0 ha 0.0 ha 917 .2 ha 0.0 ha 28,238.5 
19.6% 3.4% 0.0% 9.9% 5.9% 0.0% 0.0% 72.5% 0.0% 18.9% 
Thomas, L. 44,674.4 ha 422.4 ha 0.0 ha 1,426.5 ha 23.8 ha 0.0 ha 0.0 ha 124.0 ha 0.0 ha 46,671 .1 
32.7% 7.0% 0.0% 39.0% 31.9% 0.0% 0.0% 9.8% 0.0% 31 .2% 
Total 136,737.1 ha 6,027.5ha 1,648.3ha 3,654.9ha 74.5 ha 34.3 ha 14.5ha 1,265.3ha 6.6 ha 149,463.0 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
Chi-square (Individually) 0.09 25.9 50.16 2.42 13.57 50.16 28.80 50.41 56.22 0 
--.l 
P-value 0.99 0.00 0.00 0.66 0.01 0.00 0.00 0.00 0.00 
Chi-square (Overall) 1.93 
P-value 1.00 
Note: TSO= Timber/Scattering/Openings 
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by surveyor Lewis Thomas whereas 83.2% of GLO Timber was mapped by Wm. Neely. Jos. 
Jennings was the only surveyor who used the terms Timber/Scattering/Openings and Swamp. 
Wm. Neely was the only surveyor who used the term Slough, and Jos. Jennings and Wm. 
Neely were the only two surveyors used the term Field in Hamilton County. However, the 
Chi-square test (Table 5-1) indicated that surveyor name was not an explanatory variable in 
describing GLO vegetation patterns in Hamilton County. However, NWI wetlands, slope 
steepness, land cover (1990-1992) and native vegetation were relatively strong explanatory 
variables for GLO vegetation patterns. In summary, the current research found that 
vegetation description for Hamilton County and for Fayette County (developed by Miller, 
1995) were different because of the six variables compared. NWI wetland was the only 
variable that was consistent in defining GLO vegetation types in both counties. 
Several recommendations for further study on GLO vegetation patterns are indicated 
based on this research. There are several factors (climate, topography, landform regions, data 
sources, surveyors, and difference in time each county was surveyed) that may explain the 
differences in definitions of GLO vegetation types for both Hamilton County and Fayette 
County. These need to be studied in additional research. Variables studied in this research 
were not enough to explain the differences between them. Future research should consider 
the following so the results are more specific: 
1. The difference in time the county was surveyed and its influence on vegetation 
descriptions to determine whether the difference in time had an effect on vegetation 
distribution patterns. 
2. Use additional data sources in comparing GLO definitions for both the counties. 
3. In-depth study of landform regions and their influence on vegetation. 
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4. In-depth study of vegetation terms used by GLO surveyors. 
5. Application of GLO vegetation descriptions that were mapped in Fayette County 
(Barren, Thickets, Rough and Grove) to determine if areas exist in Hamilton County 
which are described by the GLO definitions. 
Comparison between Native Vegetation from Soils and GLO Vegetation Types 
Research Question 3: Are the amounts and distribution of historic vegetation types derived 
from soil survey maps significantly different from those derived from GLO maps? 
The third research question was to determine whether patterns of native vegetation 
derived from soils and those from GLO vegetation were different. From statistical 
distribution presented in Table 4-2, four native vegetation types derived from soils (prairie, 
undetermined, forest, and transition) were compared with GLO vegetation. The overall 
Chi-square of 41.02 indicated that the difference was statistically significant. Coefficient of 
Areal Correspondence (CAC) of 18.6% for GLO Timber and native Forest also indicated that 
the difference between them was significant 
Based on the findings, it is recommended to compare all ten variables described in the 
results with native vegetation derived from soils and apply GLO vegetation types to measure 
the similarities and differences among and between them. 
Potential Uses of GLO Vegetation Data and Descriptions 
Research Question 4: Are these descriptions ofGLO vegetation types useful for land 
management by the Hamilton County Conservation Department? 
Data developed, compiled and used in this research (such as landscape position, 
native vegetation, Andreas historic vegetation, slope aspect, slope steepness, NWI wetlands, 
land use, land cover, vegetation adjacency and witness trees composition) are useful for the 
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Hamilton County Conservation Department in managing their natural areas. The GIS historic 
vegetation database will not only help to describe GLO vegetation for Hamilton County but 
also can be applied to other types of analysis such as finding suitable areas for wetland, 
marsh and natural vegetation types and also for wildlife and habitat studies. The GIS data 
compiled and analyzed in this research would help the Hamilton County Conservation 
Department when acquiring land for natural areas in the future. Conservationists, ecologist, 
foresters and other researchers who studied past vegetation also stressed the importance of 
GLO vegetation as indicators of previous vegetation. This research also found that GIS 
software is useful for several types of spatial analysis as it is a very powerful analysis tool for 
descriptive modeling. 
Recommendations for Future Research 
Based on the findings of this study, future research study should include all other land 
management agencies in Hamilton County, such as the Iowa DNR and NRCS. Certainly, a 
hard copy of the data from this research will be valuable for the Hamilton County 
Conservation Department in the future. The Hamilton County Conservation Department 
should consider to establish an in-house GIS facility to apply these tools to project planning, 
long-range master planning, and environmental education. 
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APPENDIX A. GGMOSAIC.A VE 
' Description: Mosaics multiple grid themes, making a smooth transition 
' over overlapping areas. 
'Name: Spatial.GridMosaic 
' Requires: Spatial Analyst 
' Self: 
'Returns: 
' FileName: ggmosaic.ave 
'GETTHEACTIVETHEMES 
the View= av.GetActiveDoc 
gl = theView.GetActiveThemes 
' FIND THE OUTPUT NAME FOR GRID 
gridFN = SourceManager.PutDataSet(GRID,"Output Grid:" , "newgrdl ".asFileName,TRUE) 
if (gridFN =NIL) then return NIL end 
' ADD THE GRIDS OF ACTIVE THEMES TO A GRIDLIST 
gs={} 
x=O 
for each gg in gl 
x = x + l 
if(x > 1) then 
gx = gg.GetGrid 
gs.Add(gx) 
end 
end 
gy = theView.GetActiveThemes.Get(O).GetGrid 
' MOSAIC THE GRIDS IN THE GRIDLIST AND SA VE THE RES UL TING 
I GRID IN THE WORK DIRECTORY 
av .GetProject.GetWorkDir.SetCwd 
n_g = gy.mosaic(gs) 
n_g.SaveDataSet(gridFN) 
ngt = GTheme.make(n _g) 
theView.Addtheme(ngt) 
112 
APPENDIX B. GRID CLIPTOPOLY.AVE 
'Describe how clipping will occur and allow cancellation 
response=MsgBox.YesNo("The ACTIVE grid will be clipped to the chosen polygon theme. 
Continue?", "Continue?" ,false) 
if (response=nil) then exit end 
'Get the active view and check if enough themes exist to perfonn operation 
the View= av.GetActiveDoc 'Uses the active view 
themeList = theView.getthemes 
if (nil= themeList) then exit end 
if (themeList.count < 2) then 
msgbox.error("Need at least 2 themes in the View","Error") 
exit 
end 
'Use the active grid theme 
theGrid=the View. GetActive Themes. Get( 0). GetGrid 
'Choose the polygon theme 
polylist =list.make 
for each atheme in themelist 
if ( atheme.canselect=true) then 
if (atheme.getftab.findfield("Shape").gettype =#FIELD_ SHAPEPOL Y) then 
polylist.add( atheme) 
end 
else 
end 
end 
thePolytheme = MsgBox.ChoiceAsString(polylist,"Which polygon theme is the clipping 
theme","Clipping theme") 
if (thePolytheme=Nil) then exit end 
response=Msgbox.YesNo("Grid theme will be clipped to the selected features of the clipping theme. 
If nothing is selected, the extent of all features in the clipping theme will be used . 
Continue?", "Continue?",false) 
if ( response=false) then exit end 
'Get bounds of clipping area as a rectangle 
thePolyThmExtent = thePolyTheme.getselectedextent 
if(thePolyThmExtent .IsEmpty) then thePolyThmExtent = thePolyTheme.ReturnExtent end 
'Get parameters for the new grid 
theFtab = thePolyTheme.GetFTab 
theProj = theView.GetProjection 
theCell = theGrid.GetCellSize 
theExtent = theGrid.GetExtent 
ae =the View.GetExtension(AnalysisEnvironment) 
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ae.SetExtent(#ANAL YSISENV _VALUE, thePolyThmExtent) 
ae .SetCellSize(#ANAL YSISENV _VALUE, theCell) 
' Activate the settings for the analysis envirnonment as returned 
' by the above 3 lines of code. 
ae.Activate 
'the actual extraction occurs here 
tempGrid = Grid .MakeFromFtab(theFtab,theProj ,nil , { theCell ,theExtent}) 
newGrid = (tempGrid.IsNull).Con (tempGrid, theGrid) 
' rename data set 
aFN = av.GetProject.GetWorkDir.MakeTmp("gext", "") 
newGrid.Rename(aFN) 
' check if output is ok 
if (newGrid.HasError) then return NIL end 
' create a theme 
gridThm = theme.make(newGrid.GetSrcName) 
' set name of theme 
gridThm.SetName("Extract from"+ theGrid .GetName) 
' add theme to the specifiedView 
the View .addTheme(gridThm) 
'Resets the analysis environment to the maximum of inputs (i .e. the default) 
aRect =Nil 
ae = theView.GetExtension(AnalysisEnvironment) 
ae.SetExtent(#ANALYSISENV _MAXOF, aRect) 
ae.SetCellSize(#ANALYSISENV _MAXOF, aRect) 
gridThm.invalidate(true) 
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